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Foreword 


Tl» National Science Foundation has been involved in funding technology 
assessments comparing die United Statesand foreign countries since 1983. A 
sizable proportion of this activity has beenin the Japanese Technology Evaluation 
Center (JTEC) and Worid technology Eva luation Center (WfEC) programs. We 
have supported more than 30 JTEC and WTEC studies over a wide range of 
technical topics. 

As U.S. technological leadership is challenged in areas of previous dominance, such 
as aeronautics, space, and nuclear power, many governmental and private 
organizations seek to set policies that will help maintain U.S. strengths. To do this 
effectively requires an understanding of t he rela tive position of die United States and 
its competitors. The purpose of the JTEC/WTEC program is to assess research and 
development efforts ongoing in other coun&fesin specific areas of technology, to 
compare these efforts and their results to U.S. research in the same areas, and to 
identify opportunities for international collaboration in pre-competitive research. 

Many U.S. organizations support substantial data gathering and analysis efforts 
directed at nations such as Japan. But often the results of these studies are not 
widely available. At the same time, government and privately sponsored studies that 
are in the public domain tend to be Input" studies. That is, they provide 
enumeration of inputs to the research and development process, such as monetary 
expenditures, personnel data, and facfllties.but do not provide an assessment of the 
quality or quantity of the outputs obtained. 

Studies of the outputs of the research and development process are more difficult 
to perform because they require a subjective analysis performed by individuals who 
are expertsin the relevant technical fields. The National Science Foundation staff 
includes professionals with expertise in a wide range of disciplines. These 
individuals provide the technical expertise needed to assemble panels of experts that 
can perform competent, unbiased, technical reviews of research and development 
activities. 

Specific technologies, such as telecommunications, biotechnology, and nuclear 
power, are selected for study by government agencies that have an interest in 
obtaining the results of an assessment and arti able to contribute to its funding. A 
typical assessment is sponsored by two to four agencies. In the filet few years of 
the program, most of the studies focused on Japan, reflecting concern over Japan’s 
growing economic prowess. Studies were largely defined by a few federal mission 
agencies that contributed most of the funding^ such as the Department of Commerce, 
the Department of Defense, and the DepartrMnt of Energy. 
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o Including a broader policy and economic context to our studies. This is 
directed at the need to answer the question, "So what?" that is often raised in 
connection with die purely technical conclusions of many JTEC and WTEC 
panels. What are the implications of the technical results for U.S. ind us try 
and the economy in general? We will be adding an economist to an 
upcoming JTEC study on optoelectronics in Japan as a new effort to addres s 
these broader questions. 

to the i end, all government funded programs must answer the following question- 
How has me p rogram ben etmd the nation? I would like to point out a few of the 
benefits of the JTEC/WTEC program: 


o JTEC studies have contributed significantly to U.S. benchmarking of the 
growing prowess of Japan’s technological enterprise. Some have estimated 
mat JTEC has been responsible for over half of the major Japanese 
technology benchmarking studies conducted in the United States in the past 

decade. Our reports have also been widely died in various competitiveness 
studies. 


o These studies have provid ed im portant input to policymakers in federal 
mission agencies. JTEC and WTEC panel chairs have given special briefings 
to senior officials of the Department of Energy, the NASA Administrator, and 
even the President’s Science Advisor. 


o 


o 


JTEC/WTEC studies have been of keen interest to U.S. industry, providing 
managers with a sense of the competitive environment internationally. 
Members of the recently completed study on satellite communications have 
been involved in preliminary discussions concerning die establishment of two 
separate industry/university consortia aimed at correcting the technological 
imbalances identified by the panel in its report. 


W T? C studies also have been valuable sources of information for 
riotti u.5. and foreign researchers, suggesting potential new research topics 
and approaches, as well as opportunities for international cooperation. One 
JTEC panelist was recently told by his Japanese hosts that, as a result of his 
observations and suggestions, they have made significant new advances in 


° Not the least important is the educational benefit of the studies. Since 1983 
over 170 scientists and engineers from all walks of life have participated as 
panelists m the studies. As result of their experiences, many have changed 
their viewpoints on the significance and originality of foreign research. Some 
have also developed lasting relationships and ongoing exchanges of 
urformation with their foreign hosts as a result of their participation in these 
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Executive Summary 


BACKGROUND 

The Worid Technology Evaluation Center (WTEC) panel on Research Submersibles 
and Undersea Technologies was formed to review the state of the art in this broad 
field within the countries of the former Soviet Union (FSU), particularly Russia and 
Ukraine, and in selected Western European countries. The panel visited leading 
companies, academic research programs, and gov ernment laboratories in Finland, 
France, Russia, Ukraine and the United Kingdom. Because of title large geographic 
area and the breadth and technical complexity of die subject, the study could not 
be comprehensive. However, by carefully selecting the sites to be visited - based 
upon the substantial prior knowledge of many committee members - it was possible 
to acquire a meaningful evaluation. Hie end of the Cold War and the resulting 
efforts to commercialize some military technology, phis the increased u tilisation of 
sophisticated equipment in the exploration for and production of oil and gas in the 
North Sea, had led the sponsors of this study to the belief that a review of subsea 
technology in this geographical area would be productive. This was verified by die 
panel’s findings. 

Because much less was known a priori about the technologies in Russia and the 
Ukraine, there were more new findings in those countries than in the Western 
European nations visited. Some general conclusions will be drawn based upon die 
panel’s overall experiences, and these will be followed by more specific conclusions 
in each of the study’s subject areas. 

There is a pronounced emphasis in the United Kingdom on die development of 
advanced sensors and affordable autonomous and remotely operated vehicles. 
These vehicles are being developed for tee in both dm research community and the 
offshore industry. 

Research and development is being conducted in the United Kingdom and in France 
on developing very great endurance (hundreds of kilometers to full ocean width) for 
autonomous vehicles. 

Europe is making substantial progress in cooperative and coordinated research in 
subsea technology, including the development of standards. No such cooperative 
research and development Is underway in the United States, which may have a 
significant impact on future competitiveness. 

The economic stimulus for subsea technology development in Western Europe 
appears to be largely to support fisheries management and offshore oil and gas 
production. 
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WTEC Panel on Research SnbmanriblM aad Undenea Technologies 

SPECIFIC CONCLUSIONS 
Sensors and Instrumentation 

Deep ocean submereibles, such as foe Mre (Russia) and Nautile (France), continue 
to be effective platforms for undersea work and research because of their extensive 
sensor, instrumentation, and manipulative capability. Some scientists consider the 
Mr submereibles, built by Rauma in Finland, to be the best equipped and most 
capable research tools for deep sea (6,000 m) research. 

Although Russia and Ukraine have developed limited remote sensing capability for 
ocean studies using Lidar and acoustic Doppler current profilers, these designs are 
not unique and are within the current international stale of practice. 

The countries of the FSU are marketing oceanographic instruments (such as 
conductivity, temperature, and depth, or CTOs, and current meters). Their data 
quality is unknown, and intercalibrations should be conducted to determine 
measurement capabilities. Other factors, such as reliability, maintainability, and 
service must also be addressed. Prices are currently quite low, but this may be a 

prices 6 ™ 1 SitUation ^ evBntuall y change to correlate more closely to Western 

Several European countries outside of the FSU are actively developing research-type 
remotely operated vehicles (ROVs) and autonomous underwater vehicles (AUVs). 
The European Economic Community is supporting as major programs unmanned 
platforms for undersea and oceanographic research using enhanced sensors and 
samptera This is in marked contrast to foe United States, where there is no major 
focused thrust for developing scientific AUVs. ^ 

Energy, Hydrodynamics, and Propulsion 

Energy. The WTEC teams did not see any particularly new concepts in energy 
systems at any of the rite, visited. However, at the same ti^T^aStTw^ 
impressed with the variety of sources being used, or designed for usejrnmderwater 
vehicles. The spectrum of systems in use in foe FSU range from small, simplified 
nuclear reactors to conventional lead-add batteries (used in foe numerous manned 
submereibles in foe FSU). In Europe, foe panel found fuel cells, semi-fuel cells 
Ranlone Cycle engines, Sterling Cyde engines, and hydrazine gas generators all’ 
presently at sea onboard various vehicle platforms. 

r !J® st “IWdye directions were nuclear power systems (first 
developed ^ military submarines) and fael cells (first developed for the space 
program). While foe fuel cells were of conventional design, several had beenbuilt 
and many hours had been logged in spaceflight conditions. 
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The WTEC group was surprised by the variety and number of manned submersibles 
built in the FSU, in operation now, and planned for the future. Several visited 
activities, mostly those that have been either involved in manned submersibles or 
military submarines in the past, now have tourist submarine plans on their drawing 
boards. (Computer-aided design is essentially unavailable.) 

The existing manned submersibles are fundamental, low cost, uncomplicated, 
reliable, tested, and available. Ocean researchers are enthusiastic users who are 
quite satisfied with the capabilities ofthese tools. The ability to use and fabricate 
titanium in undersea vehicles in Russia and Ukraine is advanced. The acceptability 
of Russian Registry Certification by Western insurance companies needs to be 
examined carefully before contracting for use of manned submersibles built in the 
FSU. 

Academically, industrially and operationally, the existing manned submersible base 
in Russia and Ukraine is truly impressive and has great potential. 

Unmanned Submersibles 

Gnat Britain and France. Slingsby Engineering Ltd. (SEL), located north of London, 
is the major large ROV supplier in Great Britain. The company’s only competition 
is Perry Tritech, a Florida-based company owned by a French company (Coflexip) 
and International Submarine Engineering (ISE) of Port Coquitian, B.C., Ca nada SEL 
identifies the customer needs and designs tire hardware accordingly, as is the case 
with its MRV'ROV. Where needed, SEL continues to improve the components. SET. 
will remain a small organization because the customer market is small and because 
more user/service companies are fabricating their own special purpose ROVs. 

The Mobil-FSSL project is a typical example of a major oil company starting with a 
large working ROV (the SEL MRV) and adding specialty tools to undertake major 
underwater tasks. This trend will continue. 

Great Britain has a respectable position in scientific unmanned systems. The 
Deacon Laboratory Autosub project is very ambitious but must wait at least five more 
years to see final results. The Marconi ODAS vehicle, based on torpedo technology, 
could have a major impact on the scientific community because of its low cost 

The observed trend is for universities to take a narrower view of technology 
development because of funding constraints. Also there is a cooperative culture for 
technology development, not just within Great Britain, but within the European 
Community. A prime example of this is the European Community Marine Science 
and Technology (MAST) research programs. A new MAST program aimed at 
furthering autonomous underwater vehicles is the Advanced Research for Unmanned 
Autonomous Underwater Vehicles. The contributors to this program are Deacon 
Laboratory and DRA from Great Britain, IFREMER, EGA, and INRIA from France, the 
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undertaken in an environment with limited computer hardware capability. This 
lim itation has most probably been the reason for the direction of software 
development there. The emphasis has been on efficient algorithms and highly 
capable microprogramming. 

Maturity of Applications. There have been many applications of technology that are 
both interesting and novel. It must be understood, however, that the actual maturity 
of those applications is not clear. Many of the technological concepts discussed 
were in their conceptual stages only. With limited financial resources, it is unclear 
just how many of those applications will come to fruition. 

Infrastructure. The changes in the FSU have had a strong impact on the technology 
infrastructure. Communications among various groups is unclear. Also, the method 
for moving from concept to final prototype was controlled very completely in the 
past, and the resources needed to accomplish a development effort were planned 
and in place. It seems that this is no longer the case and it will be a while before 
such an infrastructure evolves in this new environment 

Several factors affecting technology development in Russia and Ukraine were 
apparent during the visits and discussions. Although not necessarily related to 
technology development, the following factors are among those that are important 
to the process used to develop technology: 

o Publishing in professional journals 

o Acquiring better computer hardware 

o Establishing better communication channels 

o Better understanding of how to do business with the West 

o Better understanding of technology outside of th e FSU 

There were applications of acoustic technology that were both exciting to consider 
and important to advancing the state of the art in this field. Due to limited time, it 
was not possible to truly understand frit technical accomplishments of the 
technologists, yet their ideas were intriguing and their concepts novel. More should 
be done to fully understand many of these efforts. . 

As mentioned previously, one of the questions that constantly surfaced was how far 
specific applications had been taken. It was net clear at times whether a concept 
being discussed had yet moved to hardware or prototype development stages, 
whether it had been evaluated in a real world setting, or whether it had already 
become available as a product 

* : - ' ;i ' : : ~ "tf ■ .. 

Sometimes it was also unclear what the future held for specific applications that 
were discussed. With limited resources and a very dynamic environment, the future 
of an idea is uncertain. Many of the applications discussed could well be moved 
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The WTEC team agreed unanimously that tits time available for the visits did not 
allow for in-depth discussions. This was probably inevitable for this first series of 
visits, but should be corrected during fiiture visits. There is much to learn 
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objectives in ocean research. Good work is also in progress toward development 
of ROVs for the offshore oil industry. 

The organizations involved in UV development and marine research are well 
equipped for research, engineering, and overall system integration. The computer 
equipment and test facilities are modem and as capable as any in the United States. 

Former Soviet Union, labor and materials are still cheap in Russia and Ukraine, and 
the availability of micro-electronics is limited. This has led in the past to an 
emphasis on manned UVs rather than unmanned units. Maimed UVs are easier to 
integrate and maintain, and use low-cost labor to good effect. This trend will 
probably continue into the near future, until the industrial sector begins to mature 
and costs drive it toward unmanned systems. In the West, the high cost of labor and 
the risk of litigation and insurance penalties have driven sdentists to ward unmanned 
solutions. However, the same cost of labor has made sophistication and high 
technology expensive. The United States has improved performance and minimized 
man-dependency, but in some cases has violated die basic rules: "keep it simple" 
and "sufficient is good enough." The United States is too often enamored of die 
whiz-bang solution rather than the simplest one. 

Fundamental science in Russia and Ukraine is impressive and based on sound 
theoiy. Due to lack of computational capabilities, there has been a focus on 
empirical validation rather than in-depth analysis. This will continue during the 
process of economic, political, and defense conversion. 


FSU scientists and engineers have been very creative in applied research, and have 
many accomplishments that equal or exceed those of the West. Some examples 
include manned submersibles, acoustic tomography, nonacoustic ASW, high-speed 
underwater projectiles, and materials development for the marine environment. 

Engineering in Russia and Ukraine is generally behind that of the West in 
sophistication, but not necessarily in results. Some engineering and integration 
achievements there include the following: 

o Numerous and very good research test facilities 

o Short development spans based on a theory of build it, field it, and then 

improve it 

o Avoidance of the analysis paralysis that slows progress in the West 

o Lack of preoccupation with aesthetics; systems are built stout to last and 

simple for easy maintenance 
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CHAPTER 1 


Introduction and Overview of 
Research Submersbles and Undersea technologies 
in Russia, Ukraine, Aim Western Europe 

Richard J. Seymour 


SCOPE OF THE STUDY 

The initial meeting of the World Technology Evaluation Center (WTEC) panel on 
Research Submersibles and Undersea Tfchtmlogies was held at the National 
Science Foundation (NSF) in Washington, D.C. on November 19, 1992. Paul Herer 
and Norman Caplan of NSF, a principal sponsor of the study, presented their 
agency’s interests in nonmilitary submersibles and subsea technology. The 
participants formulated the general plan for the study, generated an initial list of 
target sites to visit, and established die dates and basic itinerary. This plan was 
refined in a series of conference calls over the next several months. Subsequent 
consultation with the Advanced Research Projects Agency (ARPA), the other major 
sponsor of this study, led to further refinement of the scope. 

At the first meeting, the subject areas selected for investigation were: sensors and 
instrumentation; control, automation, and communication; hydrodynamics, power, and 
propulsion; manned systems, unmanned systems, and applications of acoustics; and 
systems engineering and integration. Each subject area was assigned to one panel 
member, who was responsible for documenting th e panel’s findings in this report 
with respect to that area The panel's conclusions in the executive summary follow 
this breakdown, as do the subsequent chapters. 



Further, 


visiting both Sevastopol an d Od essa in the allotted time, forcing a choice in favor of 
Sevastopol. -v 1 .. ':. . 


Europe visits during the 


mat hi Frankfort, Germany on May 15 prior to fee 
week of May 17 to 21. One team 

hi Russia, two teams covered hfeSdcnV and Vfctmty, and another team was principally 
hi Ukraine. The entire panel re assem bled in Frankfurt on May 22 prior to returning 
to the United States. 
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drastically narrowing the technical and geographical scope, there really was no 
solution to this problem. 

Another limitation arose from die amount of time devoted to tours of laboratories and 
facilities at the expense of discussion time. On occasion, panelists saw unique and 
impressive facilities during these tours. For the most part, however, the tours were 
highly repetitive and relatively unproductive. 

Language barriers were an obvious restraint to communication in most host 
countries. Language differences also limited the technical depth that could be 
reached. Translated written materials, good technical translators (there was 
simultaneous translation on one occasion in Ukraine!), and solid advance field work 
lessened the impact of the language barrier, but it remained a significant restraint, 
particularly in the former Soviet Union (FSU). 


The effects of defense conversion activities were evident at most of the sties the 
panel visited, but most markedly in Russia and Ukraine. New companies or trade 
groups in these countries, lacking previous experience in or close ties to free market 
activities, appeared to have difficulty deciding on appropriate civil applications for 
their extensive defense technology. The panel observed, for example, a surprisingly 
large number of agencies in Russia designing or proposing tourist submarines in 
competition with each other for a world market that is already close to saturation. 
In addition to defense conversion, Russian and Ukrainian scientific institutions are 
attempting to convert to commercial objectives, including the development of marine 
resources and improvement of environmental conditions. There appeared to be very 
little planned activity at many institutions. It appears that many valuable assets, 
human and physical, may be in danger of being lost because of the severity of the 
economic problems. 

One of the interesting problems that arose from some of die visits in Russia and 
Ukraine occurred because of the hosts' decisions to disclose information and 
technology that had been declassified only very recently. Many of the panel 
members are aware of complementary work in the United States that remains 
classified. However, Russia and Ukraine possess impressive, and in some cases 
unique, facilities for physical testing. These facilities are underutilized and offer 
opportunities for Western nations. 

Researchers in Russia and Ukraine have extremely limited computing facilities 
compared to Western engineers in this field. As a result, Russian and Ukrainian 
researchers have taken a strong theoretical or analytical approach to most problems, 
which appears to have been very valuable. It has resulted in an ability to write 
extremely efficient computer code to facilitate numerical analyses and signal 
processing on limited computer platforms. Given the ready availability of large 
platforms in the West and the greater difficulties in maintain ing tightly coded 
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CHAPTERS 

Sensors and Instrumentation 

Algfe N. Kahratts 


INTRODUCTION 

Underwater vehicles and sensor systems are essentia! to conducting research and 
working in the ocean. Over the past several decades, the use of these vehicles, both 
manned and unmanned, has increased dramatically to conduct significant work 
associated with offshore oil development, defense activities, salvage, and undersea 
research. 

One of die major goals of this study is to identify and assess European research and 
development and technology in manned, teleoperated, and autonomous vehicles and 
associated systems. This chapter focuses on semen, measurements, and sampling 
capability using these vehicles. Instrumentation used for ocean studies as well as 
remote sensing capability will also be discussed. 


DATA COLLECTION COSTS AND JUSTIFICATIONS 

The collection of marine and oceanographic related data is costly; however, these 
measurements and observations are necessary for various user sectors on a 
worldwide basis. These include data on die ocean floor, coastal seas, living 
resources, health of die oceans, shipping, defense, and climate. Obtaining ocean 
data often involves using large ships whose operational costs range from $10,000 to 
$60,000 per day. Because of these costs, it is imperative that the data collection 



cap a bility be greatly 


md Therefore, the measurement and sampling 
ttn, platforms, and irartrumentation must be improved 


for maximum effectiveness and efficiency. 

Since there is little likelihood ed an increase in the number of ships for ocean 
research and monitoring, novel approaches me needed. Then has been a trend 
toward the development of alternate Wetoodjr of data collection. For example, 
various an UrnaAc systems hi been and 

full ocean d*|tos will probably be developed. 
Instrumentation and sensors are being continually enhanced for automatic operation 
on various ocean platforms. In a d di tion , improvements are being made to remote 
sensing techniques such as toe acoustic D opp l e r profiling current meter. 


to international pr o gr ams such as Global Ocean Observing Systems (GOOS), a 
multination al fifteen-year atudy that is presently in the concept evaluation and 
feasibility study phase. Eventual operating costs are estimated to be $2 billion per 
year once this program is fully implemented. 


maximum 


soon be 


u pdate d with new systems, such settle Japanese 

vehicle (ROV), which was undergoing sea trials during toe summer of 1993 


Most sha&mr 


toe col industry, t 
science activities. 


s A m a jor p o rti on of this work was related to 
o w stfbmersibles have been configured for 
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Table 2.1 

Thm and Spaa* Sampling from Data Aoqutttion Platform* 

(Modified from Dickey) 


PLATFORM 

DESCRIPTION 

SAMPLING DOMAINS fl 

TIME 

HORIZONTAL 

VERTICAL 

Moorings 

1 min - yean 

centimeters (cms) 

At fixed depths: 
10s m - 100s m 

Ship on Station 

<1 hr - 4 weeds 

On station: cms 
Inter-station: kms 

<1 m - 100s m 

Ship Mapping/Fixed 
Depth 

1.8 days * 4 weeks 

<1 m - 100s km 

± Few meters 1 

upper 100s m j 

Ship Tow-yo’a 

1.8 days • 4 weeks 

0.8 km - 100s km 

<1 m - 100s m 1 

Drifiara/Fixed Depth 

1 min - 6 months 

<ln- 100s km 

± Few meters I 

mpe 10s m 1 

Phase 

1 1 day - 1 weak' .. 

10s m - 1,000s km 

Upper few meters 1 

(opt attan. depth) | 

Satellites 

1 day - years 

1 km - global 

Upper few meters 1 

(opt. attan. depth) 

AUV Systems 

Imin-weeks 

cms - 300 km 

Variable over range 
1 m - 8,000 m 

ROV Systems 

min - 1 week 

cms - 100 km 

To 7,800 m 

Submersibles 

min - 12 hours 

cms - 10 km 

To 6,800 m 



Scientific and i 

a function of depth. Er te n aiv e 

submersibles was initiated in the eariy 1970s durfetg Project FAMOUS (French- 
Amencan Mid-Ocean Study) on the Mid-Aflantic Ridge at depths of 3,080 m (10 000 
T hlch 100,000 photographs were made and nearly 1,300 kg 
(3,000 lbs) of carefully selected geological samples were collected by Alvin and two 
French submersibles. In addition, water samples were collected and a date logger 
wro developed to automatically record depth, altitude, heading, and time (Karahl 
1990). Since that time, numerous submersibles have been developed by various 
countries (specifically France, Russia, Japan, end the United States), including 
several having 6,000 m capability. The Ranch and Russian scientific-type 
submersibles, consisting of the Cyana, Nautile, and Mr submersibles, will be 

described m the following section. Other Russian and Ukrainian submersibles are 
discussed in other chapters. 
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Table 88 

Mr&ihwiwIH— 


sensors, jmmamkKnoH andin-situ 

CAPABILITIES 

Neil Brown CTD 

DO Sensor 

High-Temp Sensor (Up to 400°C) 

3-Axis Current Velocity 

3-Axis Magnetometer 

pH Sensor 

Sound Speed 

Radioactivity Probe 

y 

Two 7-Function Manipulators 

Core Drill 

Water Sampler, Nisldn 


REMOTELY OPERATED VEHICLES 

Generally speaking, most of the remotely operated vehicles available in Europe and 
the former Soviet Union (FSU) are work vehicles for the offshore industry. These are 
discussed in detail in Chapter 8 of this report. However, there were several 
specialty ROVs that have been designed orate being developed for scientific and 
unique applications. These include the Intershelf Hah- 103 series of ROVs, developed 
for assessment of the environmental effects from the sunken Koimamalets nuclear 
submarine. These compact ROVs have been used to make observations and 
measurements using a tether management system on die Mr submersibles. 

In addition to the 6,000 m and 3,000 m submersibles, IFREMER is developing a 
6,000 m ROV that is scheduled for sea trials in 1998. This $7 million project 
(manpower costs excluded) will incorporate scientific requirements, including 
sensors and instrumentation from undersea researchers. This ROV will utilize a fiber 
optic umbilical and a 300 m tether with three tool packages, including biological, 
geological, and ocean sensor configurations. These tool packages will be 
interchangeable with the scientific ROVs operated by the Monterey Bay Research 
Institute (MBAKI), Monterey, California, allowing broader accessibility to the world 
undersea science community. 
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Environmental design considerations include minimum air temperature, thermal 
shock, icing, fouling, low temperature sealing integrity, and corrosion. To withstand 
Arctic operations, circuit designs are rated to -40°C operational and -68°C storage. 
Sensors and filters are highly stable, and are designed for cold temperatures and 
thermal shocks. 


AUVs are being developed by the Institute of Oceanographic Sciences’ Deacon 
Laboratory (IOSDL) as part of the Autosub project of the United Kingdom’s National 
Environment Research Council (NERC). Deacon Laboratory is leading this project 
The Autosub project will involve the development of three AUVs (Babb 1993). The 
first is the Demonstrator Test Vehicle, which will be a full ocean depth (6,000 m) 
demonstration and learning AUV. Additional long-term concepts under consideration 
include DOLPHIN ( Deep Ocean Long Path Hydrographic Instrument), a 6,000 m 
depth capable AUV that would follow a vertically undulating path taking 
oceanographic measurements in the water column and a range target of 7,000 km, 
surfacing every 30 km to fix its position by global positioning satellite (GPS) and 
transmit its data. Another AUV concept is DOGGIE (Deep Ocean Geological and 
Geophysical Instrumented Explorer), which would be used for geological survey 
using acoustic imaging sensors of the seabed. 

Development of the DOLPHIN AUV during the next decade represents an ideal 
technique for automatic wide-area hydrographic data collection in the deep oceans 
and under ice. By conducting comprehensive surveys across ocean basins, 
DOLPHIN would complement surface observations using satellites, buoys at fixed 
locations, and other measurement platforms. XX&PHZATis designed to provide a set 
of measurements with sufficient accuracy and resolution (water density resolved to 
10'*) that when assimilated, along with other data, into four-dimensional models, 
would permit computation of global transport of heat and moisture by the oceans, 
a critical factor in globed change. 

DOGGIE would be a geologic survey vehicle that could provide highly detailed 
maps using acoustic imaging sensors of the seabed for a total track length of 1 ,000 
km in a 50 km x 70 km rectangle. Specific study sites would include hydrothermal 
vent fields associated with ore deposits near midocean ridges. Because it is 
designed as a multisensor vehicle, DOGGIE carries side scan sonars, a subbottom 
profiler, a magnetometer, and chemical sensors. This AUV is therefore capable of 
providing a wealth of data on geophysical and geological properties of particular 
sites. 

In addition to its activities under the UX's Autosub project, IOSDL is also leading 
an EC Marine Science and Technology (MAST I!) program with six other European 
partners (including IFREMER). This has the Me "Advanced Systems Research for 
Unmanned Autonomous Underwater Vehicles" and is focussed on generic 
subsystems research. This is almost certainly the same program referred to during 




iTdepths ?300m to 400 m, ship sp ee d tslative to the bottom can be measured. 
Table 2.4 summarises the technical sp ecifi ca ti on s for the institute's ADCP. 

This ADCP system also includes an IBM-PC/AT with appropriate peripheral 
equipment and software. The mean values of the calculated velocity profiles are 
depicted on fee oempmx dkk - ^ 

includes a gyro i 

ship gyrocompass. Analysis of these specifications indicates that this narrow-beam 
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venicm has capabilities comparable to a commercially available ADCP (e.g., RD 
Instruments, Inc.). 


Table 2.4 

Institute erf Applied Physics 
Acoustic Doppler Current Profiler Specifications 


Operating Frequency 

220 kHz 

Beam Description 

3 beams, 30° off vertical in 120° 
increments 

Velocity Range 

±3 m/sec 

±10 m/sec (shipboard version) 

Current Profiling Depth 

200 m to 300 m 

Depth Cell Length 

4, 8, 16 m 

One-Pulse Measuring Error 

10, 5, 2.5 cm/sec 

Averaging Interval for 1 cm/sec 
Accuracy 

2 minutes 

Bias 

<0.28% of mean velocity 

Number of Depth Cells 

up to 100 

Operating Pressure 

10 atmospheres 


A broadband version of the ADCP with enhanced capabilities was developed two 
years ago by the same company. The broadband design implements advanced 
signal processing technology known as pulse-to-pulse coherent sonar. On receipt 
of the broadband signal, it is amplified and digitized. This design provides a four- 
fold resolution increase, an order of magnitude faster updates, shallower operating 
depths, and highly accurate Doppler velocity log capabilities when compared to the 
narrowband ADCP version (Spain and Cordon 1992). 


OCEANOGRAPHIC SENSORS AND INSTRUMENTATION 

The following section describes various oceanographic sensors and instrumentation 
developed by Ukrainian and Russian institutes. Most of the instruments described 
were developed at the Marine Hydrophysksal Institute (MHO, Ukrainian Academy of 
Sciences, in Sevastopol, Ukraine. The other major source erf oceanographic 
instrumentation in the FSU is the Institute of Oceanology, Russian Academy of 
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concfittens Basically the sensors and instrumentation can be grouped® current 
meters, CTDs, DO, pH, transmissometers, geomagnetic compasses, and various 

others. 


Numerous 


been developed by MHI, 


e{* ft -2 




Most of these current meters record the time series 


: niul 


on an 


,;i!i 


demonstrated applications in die marine environment and in other environments. 

phy^^^eanographic studies. CTO 
ensigns indude both towed and lowered (sounding) or profiling versions. One 
th« MRI-1201. is caoafele of C7TD measurements at speeds to 16 Id with 


depths to 1,800 m, allowing 
MGl-9201, has control surfaces and can be maneuvered^ 
peeds up to 12 kt 


of 


1 ** 1 : 


fluorescence. The towed 


and in MHTs 
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Much of the instrumentation developed in Russia and Ukraine has had questionable 
data quality, and the accuracy and. reliability has not been on a level with 
comparable Western ocean sensors (Dugan and Jendro 1993). Numerous 
cooperative intercalibration experiments, both in the laboratory and the field, have 
revealed measurement anomalies outside the repealed accuracy bounds of the 
sensors. It is unclear if this can be attributed to instrument quality, calibration 
procedures, laboratory standards, or routine maintenance. Data of known quality is 
an important product from international global experiments. 


MISCELLANEOUS MEASUREMENT CAPABILITY 


The sinking of the Koimomolets submarine off Norway in 1989 resulted in several 
in-situ investigations of the submarine and surrounding area by Russian research 
institutions and scientists, fit order to effectively carry out these studies (see Table 
2.8), equipment, instrumentation, and sensors have been developed by Russia’s 
Central Design Bureau for Marine Engineering (RUBIN) to enable researchers to 
assess the contamination effects from the nuclear reactor and nuclear missiles. For 
example, two small ROVs were developed by Intershelf for deployment from the Afir 
submersibles to allow closer inspection of the submarine. These neutrally buoyant 
ROVs have a depth capability of 6,000 m, two TV cameras, and a radiometer. 





Sank 4-7-89 in Norwegian Sea in 1,700 m water 


Nuclear Reactor and Torpedoes 

, ; ~ii v?- -is:va. ■ :- T , A ... . 

Three Expeditions to Date 

- Completed 12 snbnar|fi»}e dives, 120 hours 

- Towed camera and ADV surveys 

- Obtained 200 sediment and soil samples 

- Developed gamma spectrometers 

- Used submersible deployed ROVs 

- Obtained 2,000 measurements 


Because of absorption of alpha end beta emissions by almost any intervening 
material (seawater, hull, etc.), radiation measurements from seabed sources or 
sunken vehicles is almost exclusively monitored by the use of gamma spectrometry. 
In response to the Komsomolets submarine’s sinking on April 7, 1989, the Russian 
Research Center’s Kurchatov Institute developed several versions of a gamma 




Mur deployed otueed from the Mfr » 
y, gamma rays emilbetween 0 and 3 Mm 

an, and the potefafheepectrumwhere apei 

On this case, Cs-137) causing the radiation . 


mega iieofrn Ss) dm 
occurs directly identifies the 


and recorded in the submersible. The brightness of die light flashes, and 

hence die sise of the electrical pulses, is directly proportional to the energy of the 

g an n a radiation striking the detector. 


Deep ocean submerribtes such as th* ^ to be effective 

fftr nndsnaa mk and raieireh b eoauie cl their extensive sensor, 
tetammriatxoln, and manh^rihe capability. The MtmitomtM* ice ccmriderad 
by some scientists to be the best equipped and moat capable research tools for 
deep sea (6,000 m) research. 

Although Russia and Ukraine have developed limited remote sensing capability for 
ocean studies using Lidar and acoustic Doppler current profilers, these designs are 
not unique and are within flue current state of practice. 

Oceanographic instruments (CTDs, current mete®, etc.) are being marketed by 


Rupsia and Ukraine. Their data quality isunwown, ana 

con ducted to determine measurement capabilities. Other factors, such as price, 
reliability, and maintainability, must also be addressed. 
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conducted to determine measurement capabilities. Other factors, such as price, 
reliability, and maintainability, must also be addressed. 

Research-type ROVs and AUVs are being actively developed by several European 
countries outside of the FSU. Unmanned platforms for undersea and oceanographic 
research using enhanced sensors and samplers are being supported as major 
programs by the EEC. This is in marked contrast to the United States, where there 
is no mayor focused dirust for developing scientific AUVs. 
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Figure 2.1. Gamma Spectrometer REM-2 












Algfe N. Kafeaitia 


19 


REFERENCES 

Babb, Richard J. Scientific Surveys in the Deep Ocean Using AUVs: The Autosub 
Project AUVS-93 Technical Symposium, Washington, D.C., 1993. 

Dickey, Thomas D. "The Emergence of Concurrent High Resolution Physical and 
Bio-Optical Measurements in the Upper Ocean and Their Applications." Review 
of Geophysics 29. 

Dugan, J., and L. Jendro. Physical Oceanography in the Ukraine: The Marine 
Hydrophysical Institute. ESN Information Bulletin 93-03. Office of Naval 
Research, European Office, 1993. 

Johnson, Lynn E., 1993. Investigating a Possible Submarine Volcanic Eruption by 
Using Russian Mir Submersibles: Implications for Cooperative Work. ESN 
Information Bulletin 93-02, Office of Naval Research, European Office, 1993. 

Karahl, Victoria A Water Baby— The Story of Alvin. Oxford University Press, 1992. 

Marine Hydrophysical Institute. Sensors and Devices for Oceanographic Survey. 
Catalog. Sevastopol, Ukraine, 1993. 

Michel, J. L., et al. Subsea Work Environment for Cyana and Nautile Submersibles. 
Proceedings, EEZ Resources: Technology Assessment Conference, International 
Ocean Technology Conference, Honolulu, Hawaii, 1989. 

Mikhaltsev, I. On the Ocean Research Technique USSR-88. Proceedings, EEZ 
Resources: Technology Assessment Conference, International Ocean Technology 
Conference, Honolulu, Hawaii, 1989. 

Neal, G. W. Multiparameter Sensor Suite for the Test-Bed AUV. Technical Report. 
Chelsea Instruments, East Molesey, Surrey, United Kingdom, 1992. 

Nejdanov, G. Cs-137 Contamination of Sea Water Surrounding Komsomoletz Nuclear 
Submarine. International Radioactivity and Environmental Security in the Oceans: 
New Research and Policy Procedures in the Arctic and North America. Ocean 
Radiation Conference, Woods Hole, Massachusetts, 1993. 

RD Instruments Acoustic Doppler Current Protilers Data Sheet and Specifications. 
Model RD-VM0075 through RD-VM1200, San Diego, California. 

Spain, Peter, and R. L. Gordon. "Broadband Current Profiling: Better Resolution, 
Versatility." Sea Technology 33. 



<umw lart nunanta tt o n 



21 


CHAPTERS 

Energy; Propulsion, and Hydrodynamics 

Don Walsh 


INTRODUCTION 

The countries of the former Soviet Union collectively have the world’s largest nuclear 
submarine force, both in absolute numbers and diversity of designs. With the end 
of foe Cold War and the dissolution of the USSR, this capability represents an 
enormous technology base for underwater applications. 

Understandably, until less than two years ago, these were considered sensitive 
technical areas that were discussed with few Soviet citizens and were not discussed 
at all with foreign visitors. Now, with a solid and urgent commitment to defense 
conversion prevalent in Russia and Ukraine, foe WTEC team was shown a great 
many applications for nuclear power sources reactors but few technical details. The 
same was true for other power systems, hydrodynamics and propulsion systems. 

Time was extremely limited at each stop on foe trip, a matter mentioned as often by 
the hosts as by the WTEC team members. Therefore it is not clear whether foe lack 
erf technical details was due to insufficient time or a residual reluctance to reveal 
details of former military research Work, What is dear is that the team members 
have all received invitations to visit most of the sites again, and for longer time 
periods. 

It was not appreciated until recently that there had been a wide variety and number 
of manned deep submersible vehicles (DSV) designed and built in the former Soviet 
Union. Prior to the dissolution of the Soviet Union it was believed that no more than 
a handful of relatively simple submersibles had been built It appeared that the most 
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Eaaigy, Propulsion and Hpdiodynuntes 

advanced DSVs, such as the two 2,000 m Paces and the two 6,000 m Mas, were 
procured from the West Now it appears that between 30 and 40 Soviet-designed 
DSVs have either bee n bufl t or are in the process of construction. From the 
informat io n supplied to WTEC teams, the energy systems used in these sources are 
fairly conventional storage batteries. Again, time limitations prevented a more in- 
depth review of DSV energy sources. 

fa short much more was daeovered than had been anticipated during the planning 
of this trip. Amajor technology base in sufynirine* ard submersibles has su pporte d 
a wide range of technical development in all bf thearea# erf interest to the WTEC 
team. 


Concurrent with nuclear submarine d evelop m ent, the Soviet Union also maintained 
a program of development fmdiesel-eleetifasifiatiaiines. Within this program there 
was some experimentation on air-independent propulsion (AIP) energy sources. 


fa the following section on energy and power systems, several Russian nuclear 
reactor concepts are discussed. Clearly, most of this work has come from 
submarine programs. There are also descriptions and specifications for various 
types of fuel cells, as well as primary and secondary battery systems, the 
specifications are shown in tables for clarity. However, these are not complete 



power uaifo parameters 


and capa bi li t ies. . 

Perhaps the most useful baseline spe cificati o n for undersea vehicles power and 
energy sources is its energy density in terms of watt hours pm kilogram of weight 
(Wh/kg). This value has been given for almost every unit cited. But giving Wh/kg 
without a calibration reference may net fas very usefril . i The refore , Table 3.1 
compares various types ol energy sources. Note that these me sample relative 




development programs it was evident that a lot of USSR research work was done on 
high speed vehicles (U*, submarines and weapons with speeds up to 78 kt). 
However, this does not halve much carryover value for manned submerefeles, 
remotely operated vehicles or most ADV desfans. For long-duration mission AUVs 
(up to 30 days is forecast), the skin drag recfaction and hull shape developments 
shown to the WTEC teams can be important where energy efficiency and 
conservation are prime concerns for the designer. 
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Table 3.1 

Some Sample E&iergy Densities for Power Sources 


Lead-Acid Battery 

30 Wh/kg 

Nicad Battery 

44 Wh/kg 

Sodium-Sulfur 



100 Wh/kg 

Silver-Zinc 

112 Wh/kg 

Sterling Engine 

289 Wh/kg 

Al-O a (Air) Cell 

278 Wh/kg 

Hydrogen-Oxygen Fuel Cell 

300 Wh/kg 

j Li-Thionyl Cl a 

396 Wh/kg | 


ftqpubren, an an* of particular relevance to aubmenriblea, la the aubject ter the 

To thu pviatton analogy, moat underwater vehicles 

do not fly imderwater by use of propeUer(s) and liftino and control sorter*. In 
general, subttteisibles are dynamicaUy positioned by use of thrust 

m ** order of a tew thousands of meters. Thus, the 
arsNOT efficiency of thrusters is a lay design consideration in development of a 

* overali ener gybudget. fhe ideal thruster develops high thrust irith minimal 
consumption. This conservation permits mission tradeoffs where onboard 

^ne^ycmbeahocated to a longer mission time or the caniaoe of mote electrically 

TOeraiphasto in the following sections will be on developments in Russia and the 
Ukraine. European developments that are discussed generally reoresent 
techndo^s that are readily available in the open literature. In the case ofRussia 
and Ukraine, almost everything the WTEC teams saw was new. 

In many -• if not most -- visits to Rus sian a nd Ukrainian organisations, the degree of 
technical information provided to the WTEC team tended to be superficial ThS^as 

"h Tl a 9eneraI lack of piintBd materials. This lack of 

terduucal detail should not be an esct&e for not at least citing developments of 

mtOTBst at places visited, even though the information is more anecdotal than 

r F ^ ther> ™* ntion of a development at a specific location can help 
provide a roadmap for others who wish to follow up on this information P 





Amtell 


Output 


Design Work Began 


Material 


6 kWe electrical end 200 W of heat 


6 m high * 2.8 m diameter 


10 to 12 1 t 


10 yearn 


enrichment 


Titanium 


Natural Circulation 


Mo fo ld installations have been made, and this prototype tote umt ***?** > 
flip ond offal d es kpi life. However, in this case Gamma will last about twelve ye , 
Sc. it has not l2en operated corilinuausly at ^ 

wee Kurchatov also has develdpdi Betena, a design concept lor a larger unit of 100 
kOTe that employs the same basic ftiel elements and design approach as Gamma. 
^rftTCThas been built. Table 3.3 gives Helena's specifications. 
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Table 3J 

Helena Nuclear-Thermoelectric Power Source 


Output 

100 kWe electric and 3,000 kW of heat energy 

Maximum Operating Depth 

6,000 m 

Weight 

200 1 

Size 

height 12 m x diameter 4.8 m 

Design Life 

28 years 

Price 

$6 to 8 million 


Lazurit/Kurchatov ROSSHELF Joint Program. Lazurit is one of three organizations in 
Russia that does military submarine and submersible designs for the navy. Their 
defense conversion efforts are focused on development of a wide variety of non- 
military undersea vehicles, submarines and seafloor structures. None have been 
built yet 

ROSSHELF is a newly created company proposing to build a seafloor-based oil and 
gas production complex (maximum operating depth of 800 m) involving the design 
and technical cooperation of several Russian organizations. The Lazurit Central 
Design Bureau is proposing to design and engineer the seaflodr structures while 
RRC Kurchatov would be responsiblefor designing the two nuclear reactors 
(turboelectric conversion) that will powerthe complex. There is a continuing, close 
tie between these two organizations. 

Each of the two reactors will be rated for 6,000 kW. They will be highly automated, 
requiring only one supervising operator. These power sources will be located in the 
ROSSHELF Control and Power Unit (CPU), which will be fat the form of two 
cylindrical pressure hulls. Reactor design life is estimated to be 30 years with major 
refit (refueling) being done every 10 years. 

Existing design and fabrication technologies for pressure hulls and propulsion 
developed for the Soviet Navy nuclear submarine program will be used throughout 
the ROSSHELF complex This may include the operating team for the reactors. 

However, this is not straight defense conversion. Design, construction, and 
operation of a virtually unattended, seafloor-mounted, underwater nuclear power 
reactor of this size is most certainly a major new development program. To date, 
no one has developed a seafloor-sited nuclear power plant 

















low powered, to be fall safe, to have low temperature and pressures, and to operate 
virtually unattended. 


1 Bytov 
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Power Plants and Nuclear Power Plan t divisio ns are concerned with marine power 
and energy systems. Unfortunately, theWTECteam was not given information about 
these activities at Krylov. It may be that Krylov’s Nuclear Power Plant Division to 
only concemedwith large installations for submarine and surface ship applications. 
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However, Krylov has been responsible for the design of several deep submersibles 
l&ylov also has the national responsibility for developing recommendations for 
classification rules for the design, construction, and maintenance of all Russian 

S ST " T1 : ere ! 0re ' m **■ degree of experience, there is reason to 
foAubrnereibles 111811 ^ 16 ° ontributed to ** development of power systems 

Fuel Celia 

Spice Corporation (Moacovr). Energfa b a key institute for manned 
spaceffight vehicles and large payload rockets. The institute also has developed 
Russia s version of the space shuttle Buran. 

Energia has developed a hydrogen-oxygen (Hj-Oa) fuel cell (designated by Energia 
as an electrochemical generator" cm: 'EG"), called Toton" (Photon) for its space 

ft W “ Ch °J these ceUs - E™ 1 ?™ says that its unit is similar to 

NASAs fuel cell m die U.S. Space Shuttle. Energia has manufactured 100 Photon 
EGs since 1987. In test programs and on actual missions, these cells have 

accumulated a total of 80,000 hours of operational experience. Table 3.4 gives the 
parameters for Photon. 


Table 3.4 


Power 



1 to 18 kW 


27 to 34 VDC 


750 to 1,000 Wh/kg 


10,000 hours 


68 to 70% 


160 kg (empty) 


Distilled water 


Based on the Photon development program, ENERGIA now offers two modified 
versions for undersea applications. The first is a hydrogen-oxygen power unit fuel 
cell and the second is a hydrogen-oxygen electrical battery (HOBU). Both are 
based on the Photon developments. Tables 3.8 and 3.6 provide the general 
specifications for these units. * 



toroia representatives state thatthey can design, devek*. ^manufacture 
prototype units within 1.8 to 3 years once an order has been received. 


Table 3£ 


Output 

1,000 AH 

Power 

em 

Voltage 

27 (±3) VDC 

Energy Density 

100 Wh/kg 

Lie 

1,000 cycles 

Efficiency 

60% 

Weight 

270 kg 


ibQ w proposed a cell that would use plaaaptoeffc acid and natural gs 
as thereactants. However,** would be intended for fixedapplieations on land 

B n_. tha ( nm r ir" hm hi teid develop a Wp br l O-passenger touxi 

StaSartaes with the Russian Intershelf J.P. Kenny Company. 1*- Kenny 
coSSderiM using Energia’s fuel oeU (or HOBU battery) to power it 
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Lazurit Central Design Bureau (Nizhny Novgorod). About five years ago, Lazurit 
designed a conversion of an older diesel-electric submarine to Hj-O* propulsion. 
Some features of this installation were: 

o Liquefied gases were carried in large external tanks topside, 
o Weight compensation was achieved by removing most of the storage 
batteries. 

o Sea testing ended in 1991 (panelists were shown a video of some of these 
tests). 

o Lazurit said that the submarine’s submerged endurance increased five to ten 
times. 

The submarine has been taken out of service and scrapped in the Ukraine. 

State Nautical University (St. Petersburg). The university has developed a water- 
activated, semi-fuel cell, magnesium-water energy system, which has a 200 Wh/kg 
energy density. These units have been bu ilt an d tested in various sizes. No 
additional specifications were provided to the WTEC team. The panel believes this 
design might be similar to the Alupower (United States) aluminum-oxygen semi-fuel 
cells (see section below). 

Marcani/JUupower (United Kingdom/United States). Alupower Inc. (Warren, New 
Jersey), part of the Aluminum Company of Canada, has developed an aluminum-air 
(oxygen) semi-fuel cell. The battery uses very pure (99.999 percent) aluminum 
plates, potassium hydroxide as the electrolyte, and air (oxygen) as the reactant 
materials. 

Compared to other types of batteries, this energy source is of long duration and 
therefore of particular interest to developers of AUVs where extended mission times 
are desired. An Alupower energy system, ADV XP-21, by Advanced Remote 
Technologies in San Diego, California, is presently being sea tested in the United 
States. To conform to the shape of die AUV, the cell stacks are 21 inches in 
diameter. 

Installation in Marconi’s ODAS will greatly reduce space required for the battery 
system and thus will provide more mission payload space. At the same time this unit 
will significantly increase mission time. ODAS will use half an XP-21 cell. Table 3.7 
provides the specifications for the aluminum-air battery. 

1 ' . , 

B att eri es 

State Nautical University (St Petersburg). The university has designed and tested 
a full pressure compensation system for large numbers of alkaline cells. Compliant 
battery cases and oil-filled cables are used to isolate seawater from the system. It 
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has just been Inv o lved in repackaging existing unite. The WTEC team was not 
provided with detailed information on this development 


Mi»3J 



Laboratory of the Institute) for Oceanographic Sciences is responsible for managing 
a multi-organization project Autosub, which will develop two AUV systems for long- 
duration research tasks. To ensure that all contributing technologies are optimized, 
a “Demonstrator Test Vehicle" AUV will be built ami sea tested. 


Lithium-sulphur dfotftfe (fci-SOj) batteries ere under consideration for foe 
Demonstrator Test Vehicle's propulsion -- other technologies may also be 
conddeied depending on the mis s ion . Initially, for trials and short missions, 
secondary batteries will be used. The Li-SO, battery should be sufficient for foe 
vehicle's 1,200 range. However, this will not be sufficient for the DOLPHIN and 


1 l*j u* 5 * i! j i 




dense j>ower system choices could include a fuel cell or semi-fuel cell such as the 
Alupower unit (See Table 3.7). 


Marconi Underwater System Ltd (United Kingdom}. Marconi's Ocean Data 
/tequjfidfa System AOy ^ operational and obm sodium-sulphur batteries. Tftese 
batteries were developed several years ago by the automotive industry for electric 
vehtdipfc Therefore, they are of moderately proven design with fairly low technical 
risk. A limitation is that foe^lntust operate it a high temperature (~300® C). Table 
3.8 describes foe battery system for the ODASNJV. 

Rauma Nickel-ton (Ni-Fe) Storage Bsttery ^nland). This is the type of battery 
dsvelopid by Kaunte Oc#tik» fo^ ftte t#o WM foKP) fo submersibles built fc if foe 
USSR Academy of S^how. TWs development t|cdc place when foe Shinhov 
Institute decided not to oftt hydrazine gas generators as the primary power source 
onboard these submersibles. 
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Table 34 

Sodiura-Sulfor Battery for GDIS 


Capacity 

200 AH 

Power Rating 

37 kWh 

Voltage 

48VDC 

Life 

>300 cycles 

Weight 

103 kg 1 

Energy Density 

lOOWh/kg | 

Optimum Operating Temperature 

300->C | 


These cells have been used for several hundred dives onboard the Mrs and have 
been thoroughly field tested The Shirshpv Institute has reported that the cells have 
been very reliable and that their capacity has permitted mission times up to 18 hours 
with a generous power reserve remaining. Table 3.9 gives the specifications for this 
battery, which are commercial units offered for sale by Rauma Oceanics. 


Table 3.9 

Rauma Nickel-Iron Battery 


Capacity Per Unit 

41 kWh 

Pressure Compensation 

6,000 m 

Voltage 

1.2 V (Voltage of each cell) to 
120VDC | 

Life 

1,000+ charge/discharge cycles 

Energy Density 

40 Wh/kg (26 for lead-acid) 

Optimum Operating Temperature 

BftC 


Other 

Bfuman Institute of Underwater Devices and Robotics (Moscow). Bauman is part 
of Moscow State Technical University, the oldest institute in Russia. Primarily an 




1 v* 3 


intended to 


Li* : f 


of development in Finland) 
for undersea applications. 


-tiilMr * # U 


working on a unit to 




underwater technologies. In recent years the focus of the staff of 200 has been on 


to’tte 

information, MTT has been responsible for development of power systems for 
un derse a vehicles and probably small submarines. 

MTT’, primary developmental line in energy sources has been thennal s^items, 
using varicn^fuel types that are quiet and capable of operating at great depths. 
Adding to MTTs paper, a series of power plants have been built and tested at 

sea. 

State Nautical University (St Petersburg). Primarily an academic instituton (8 
students), the research conducted by faculty (600 plus 300 researdiers) 
graduate students has included energy systems for un dersea ve hicle s. Work 
been conducted on Sterling cycle engines; however, WTEC was given no spe 






111 ! 
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Tibia 3.10 

Saga Sterling Engines 


Number of Engines 

2 

Power Output 

75 kW each 

Recoverable Heat from Engines 

28 kW each 

Working Fluid 1 

Helium 

Fuel 

Diesel oil + O a (carried as LOX) 

Working Temperature 

800°C 

Efficiency 

31% 


^CjVTi^ For Military Submarines (Toulon). The Ranch Naval Arsenal at Toulon 
(LKJNj has an active project to develop and test an air independent propulsion (AIP) 
5 retem for notary submarines. Discussions have been held with IFREMER to use 
Saga as a test bed for the Navy’s experimental JUP system. 

Rauma Oceamcs (Finland). Rauma has developed and tested a hyd razin e hydrate 
gas energy source. The original Intent was to provide 200 kWh of power for a 
proposed 6,000 m research submersible, the Akademik These hydrazine gas 
?^ rat0rS Could 8180 1,6 1,86(1 for emergency ballast blowing at depths greater than 


T™ 8 was 8 J° mt , Rauma Sepola (now Rauma Oceanics) - USSR development that 
T® 9 . 8 " “ 2SS?* ?® 5(84 anfifOestion to use hydrazine came from Canada in 

the late 1970s. The USSR side was the P.P. Shirshov Institute of Oceanology, which 
set specifications and funded the submersible development. 


? y 4116 t construction contract was let, the companies had decided to build 

two 6,000 m submersibles that would be called Mr (Le., "peace") I and J7. The 
Shirshov Institutealso made a conservative design decision, and storage batteries, 
providing 100 kWh, were used by Rauma Oceanics. The submersibles were 
delivered by Rauma in 1987. 


As part of the original construction contract, Rauma was to develop a prototype 

^ y ^ Q me JS 5 ?Y e o Unit ' 14 W3S buflt *** earJ y 1990s and successfully tested at sea 
in 1993. Table 3.11 gives its specifications. The next generation unit (RDP-100) 
increased power output to 80 kW with an increase in total system weight to 950 kg. 



Energy, Propnbrios and Hydrodynamic* 


Type of System 


Power Output 


W. 


Turboelectric, 

dosed circuit Rarikbie Cycle 


20-35 kW 


Cm ak .without fuel) 


Fuel 


Working Fluid 

• * i rail 


Primarily ammonia 




from the 


. VA i r a 


a i * t*| 


by Rauma. The 


difierence is ttutt *e RD?-100 propdlliadaptable to many eamm ^ 

(e.g., hydrazine, kerosene, jet fuel, etc.). The units are also pressure compensated 

and operational to a depth of 6,000 m. 

Correspondence to the panel from IFREMER in the Fall of 1993 mentioned the 
Rankme engine “MESMA," developed by the BERTIN Company, which was 
previously unknown to tiiis author. 


, i i 


*}V_ 













Dob Wakh 


35 


projects have included work on the control of boundary layers on submersible 
vehicles through suction, injection of liquid (water-soluble polymers), and elastic 
(compliant) coatings. University researchers have also developed a design concept 
that optimizes hydrodynamic hull-propeller interaction to reduce drag and increase 
propulsive efficiency. 

The university has extensive hydrodynamic test facilities that are described in 
Chapter 7 of this report. A review of the characteristics of the facilities available will 
provide some indications of the types of hydrodynamic programs in progress at the 
university. In addition to the test facilities, die university has extensive programs in 
computer-aided mathematical modeling of various hydrodynamic problems. 

Krylov Shipbuilding Research Instit ute (S t Petersburg). This is Russia's principal 
shipbuilding research institute. The WTEC team was told that this organization, the 
most comprehensive of the hydrodynamics research organizations visited by the 
WTEC teams, characterizes itself as the equivalent of the U.S. Navy’s David Taylor 
Naval Research and Development Center in Carderock, Maryland. One of the seven 
divisions is Hydro and Air Mechanics, which does both design and testing in these 
fields. 

Ukraine 

Institute of Hydromechanics. This institute, which is under the Department of 
Mechanics of the Ukrainian Academy of Sciences, has a total staff of 300 persons, 
150 of whom are research personnel. The types of hydrodynamics work can be 
seen by examining the titles of the institute's 12 departments: 

o Hydrodynamic Acoustics 

o Vortex Motions 

o Hydrobionics and Boundary Layer Control 
o Free Boundary Flows 

o Hydrothermal Processes Modeling 

o Hydrodynamic Processes Control 

o Technical Hydromechanics 

o Applied Hydrodynamics 

o Hydrodynamics of Wave Processes 

o Hydrodynamics of Hydraulic-Engineering Structures 

o Dynamics of Elastic Systems 

o Stratified Flows 

Current areas of investigation related to the hydrodynamics of undersea vehicles are: 

Boundary layer control through methods such as compliant surfaces, polymer 
injection, and Coanda Effect ducts 


o 
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o nyoroaynamic jcoiwwi 

o Vibration control and other methods for drag reduction 
The institute has several sophisticated test facilities (see Chapter 7). 



x 1 cm in diameter. The institute’s theoretical work shows that Mach 2 
velocities may be attainable. 

While both developments are remarkable from a hydrodynamics point of view, there 
seems to be little potential application to the design of deep submersibles. 


Deacon Laboratory of the National Env ir o nmen tal Research Council. The general, 
preliminary outline design for the Autosub project was done by Vickers Shipbuilding 
and Engineering, Ltd. However, the hydrodynamics research on optimum vehicle 
shapes is being done through the Department of Mechanical Engineering at the 
University of Surrey. The hydrodynamics work began in 1980. 

Hull design work has concentrated on a laminar Aew shape with the propeller 
integrated into the body shape as much as possible to reduce drag-inducing 
interaction with the hull. Wind tunnel tests were initially used to test various low 
drag shapes. 

A major unknown at this point to the effect of smaller scale ocean turbulence and 
particulate matter in seawater on the performance of the low drag hull. Deacon 
Laboratory has conducted model work at sea to test low drag performance of the 
hull shapes, and to better understand ocean turbulence and particulates offsets on 
it Full scale shapes have been released for buoyant ascent from water depths as 
great as 1,000 m. 
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PROPULSION SYSTEMS 


Jto might be expected, most thruster and propeller work is being done by the same 
institutions that do hydrodynamics of hulls and underwater shapes. 

Bauman Institute of Underwater Devices and Robotics (Moscow). Four areas of 
propulsion work were discussed with WTEC team members: 

o Electrohydraulic drive systems and associated controls 
o Electric drive systems that use brushless motors 

o Magnus effect propulsion, which has been used on a towed system at a depth 
of 2,000 m 

o Adoptive propulsion, using totally regulatable hydraulic motors that select 
operating parameters to maximize propulsive efficiency 

Because the visit was brief, there was not time to get into much technical detail with 
regard to these propulsion research projects. 

RRC Kurchatov (Moscow). The Kurchatov Research Center has teamed with the 
Institute for High Temperatures and the Institute of Power Engineering to develop 
a magneto-hydrodynamic (MHD) propulsion system. Cryogenically pumped 
superconducting magnets create an extremely powerful magnetic field that can 
create water (acting as an electrical conductor) movement through an enclosed tii N* 
or tunnel^resulting in a propulsive force with no moving parts (propellers, jetpumps, 
etc.). While such a system would not be feasible for a submersible the 
attractiveness for submarines is obvious. 

This work has taken place over the past several years and a prototype system is 
operating in a laboratory. The Russians have said that at least three more years of 

e^wiU be required to have a system ready for testing at sea. The most advanced 

MHD operational system in the world is in the Japanese experimental vessel Yamato. 

The power level of the Russian prototype is said to be twice that of the unit in the 
Yamato. 

Krylov Institute (St Petersburg). As a major naval architecture and marine 
engineering institute, Krylov has the capability and facilities to design and test 
conventional propellers. However, it is not known if any of this work has been for 
eep submersibles. The WTEC team was not informed about any specific research 
and development work being done in this area. 


38 


Energy, Propulsion and Hydrodynamics 

Sum Nautical Engineering Uniremty (St Peterebmg). to noted to te pr OT lc iM 
& KOMOR on hydrodynamics, thia iratitution haa aavorml projects concerned with 

propulsion. Sortie of these ere. 

o Dual-circuit waterjet propulsion witha noise MHO to 12 db lower than an 
equivalent screw-type propeller 

<• j nf tVua rlrhm mmtem from the OBVirOIUffl 

units for underwater 


o 

o 

o 



Sound isolation of the 
Nontraditional 
vehiclei 
to improve efficiency 

Research 

submarines 



[ an oscQlating wing 
It appears that 

ST'c^^'totod'i: produce . roiflh n-ctardctf endog of bh 

motion. 



Deacon Laboiatoir of brfflS Within to An** 


deri^a Deacon Laboratory (testing), and theDefanse Research Agency - Haslar 
- (propeller design). 

brushless unit*TNa dfcect dam unit has two pieii®#hiibs connected *1 

toe rotors of the motors. Seawater-lubricated ceramic bearings are used instead 
SUfteSs. Asirigte rotation version of this motor is installed on the Marcom ODAS 

AUV. 

The contra rotating propellers are under design development Rrelimi^estin^tes 
indicate a cfiamSw^Bm for a 1*8 revolutions per second rotational blade speed. 


ggiAIJIKf AND CONCLUSIONS 

The WTEC team did not see much that was new or revolutionary. Most of the 
technologies presented to the team were conventional. However, one must keep m 
mind thefect that an extremely time-limited and busy visit schedule permitted very 
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little in-depth discussions with the hosts. What was impressive was the numbers of 
units either built or designed. 

Another problem in attributing developments to specific organizations was the 
question of whether the organizations were simply systems integrators or had 
technologies transferred to them for other reasons. Thus if an institute claimed to 
be using a certain type of energy system, it was not always clear whether the system 
was that organization’s original development. This is the kind of detail that surely 
would have emerged if more time had been available at foe sites. 

Etaargy and Power Systems 

A Wide variety of energy and power systems were shown to foe WTEC team. Most 
of this work was not state of the art The WTEC team was shown or made aware 
of 30 to 40 manned submersible/submarine concepts or actual hardware. In almost 
every case, conventional batteries were foe chosen energy source. This is also 
validated by the fact that none of the team members was briefed on any details of 
battery developments. 

With respect to nuclear power sources, the situation was somewhat different. Team 
members were briefed on reactor applications from 46,000 kW to 6 kWe, and 
actually saw the 6 kWe thermoelectric unit in operation. Among the unique, 
seriously proposed applications were a large (6,000 kW) unattended seafloor system 
(ROSSHELF) and a small simple unitbuilt for a research submarine (Ocean Shuttle). 
In addition, a 18,000 kW reactor has been proposed for the service and maintenance 
submarine for the ROSSHELF complex. All of this design activity for nuclear reactore 
is not surprising considering foe extensive numbers and varieties of nuclear 
submarines that were developed for the Soviet Navy. Defense conversion is now 
bringing much of all this knowledge into foe civil sector. 

Fuel cell development in foe countries visited did not show significant advancements 
over the state of foe art. Energfe seems to have acquired numerous hours on units 
developed for foe space program. This base of experience could help foe company 
develop cost-effective, reliable units for commercial applications. 

Hydrodynamics 

The most interesting visit in this technical area was to the Hydromechanics Institute 
at Kiev, Ukraine. The institute’s work in developing and testing high-speed 
projectiles in water is very advanced. However, it does not have much application 
to deep submersibles. It is difficult to see how movement of a body at speeds of 
Mach 1 would have a commercial application. 
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In foe United Kingdom, hydrodynamics work for the Autosub project is important for 
getting hull shapes for long-duration mission vehicles. Reduction of dragconverts 
to longer mission times mgfyt teas energy image. However, even this 



is open , ocean 


to determine dreg induced by paiticulates in the sea, 

on the 



The vttTHC teams saw, or were told about, %' 

thrusters, ducted devices, etc.). However, most of 
hi 

x 

fiat iato. 



auv MSQQwi OK liyUl yiiiB ^llU CT 

developing a mechanical analog of Ssh propulsion, 
has been done many timsojjitHe, it has seldom resulted in a 
test model tike toe one 
on toe 


work in 




V toe WF&C team 
unknown. 


some excellent 

advancements in propukkxt motors for vehicles. Moog Controls’ contra rotating 
motor mid the design of its ceramic seals will be usetol contributions to the 
development of other submendblea. 


1 
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CHAPTER 4 

Manned Submersibles 

Bead Mooney 


INTRODUCTION 

A highlight of the assessment of undersea technology in Russia, Ukraine, and 
Western Europe was in the area of manned submersibles. Not only did numerous 
manned submersibles exist in the former Soviet Union (F§U), but vision was 
exhibited there in planning for future use of this technology, including tourist 
submarines. The impression gained from observations in the United Kingdom was 
that, except for submarine rescue, manned submersible use in the United Kingdom 
in support of offshore oil has been replaced by use of remotely operated vehicles. 
In France, IFREMER continues to support the concept of placing a man in a 
submersible for work, science, and exploration purposes. The Nautile serves the 
French well in this regard. A sketch of Nautile systems and sensor suite is shown 
in Figure 4.1. Technical specifications are displayed in Tables 4.1 and 4.2. 

Of the 28 projects visited in Russia and Ukraine, 11 are involved in the design, 
fabrication (e.g., of components and sensors), and operation of manned 
submersibles. The eight organizations with projects most closely related to manned 
submersibles at this time are discussed in this chapter. 
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:2,70 m 
:3,45 m 
ia,st 




immujlon : 600Q m 
vitwil maximum : 2.5 nets 


durto mission : 

- normals 13 h 
-aurvie 130 h 
charge utHe : 200 kg 


§ aftJnm£wafc 
aux&tfy battery 

Q *NAVf$" transponder 
high pressure aktank 
® radio antenna 
® flash-ftght 
(*) trim control 
® hook-up part 
® ballast tanks 
@ verttcai thrusters 


y tottatsbfa conning toner 
> tore Inm Jan* 


) viewport 
) StanumhuS 
) 2 mechanical arms 


I sampling baskat 
varidbto basest tank 
mam battery 
hydraulic power untt 
eleclrontos housing 
praaaura sensor 
sub-bottom profiler 
dopptsr speedometer 
mam propelle r 


Figure 4.1. 6,000 m Diving Submersible (Courtesy IFREMER) 
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Dead Reckoning 
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1 
1 


JP. Sumy Intershelfia 
Iniershelf has never buflt a 


venture of 


ffeitish firm J.P. Kenny. 


tnlers neu nas never ou» a ■■ — * rv:_ . . .. 

designing and operating bottom crawlers, diver systems, and amall ROVa. faterahelf 

now pcopow* to poduc* Sub Tour WlOO, » jgffP «ubn»*rin» . TM». I Q^wwn 
nMete yMi lflO m<»«plhc«p»Mlltir 

I ntsrshelf i ndicates it can deliver this submarine d months after a contract is 81 9 n *~ 
Sub Tour 10/100 would be built lor foterahelf atEnargia, a Russian institute normally 
involved in development and construction of manned apace flight systems. 

Khans (St Petersburg) 



.gompanies in Russia focused on 
iiottnotogy. This entrepreneurial 
and innovative people. 



Kharax Company Ltd. is one of the first 
building a business around manned subn 
organization has a cadre of six t a l ente d, ^ 

Another 180 technicians are employed on pjqbshqp 

To date Kharax has focused on a Leisure Submersible Apparatus (LAS), or tourist 
submarine. The LAS is deigned to carry six persons and a crew of two to a depth 
of 300 m. Kharax is asking $780,000 for the submarine, including its launch and 
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recovery system. Additionally, Kharax will provide operators, operations support, 
maintenance, logistics, and planning support for the submersible system. 

A center for underwater tourism (CAT) is another concept that Kharax is exploring. 
CAT is basically a large ship with observation rooms that accommodate 40 people, 
an underwater restaurant and diving facilities on the lower level. 

Kharax provides technical equipment for a variety of subsea expeditions. One of the 

first efforts for this new enterprise was the expedition to look for the lost Korean 747 
airliner. 

Krylov (St Petersburg) 

The Krylov Shipbuilding Research Institute N Jiie principal shipbuilding research 
institute in Russia. It originally worked only for the Navy, but presently is focused 
on all disciplines of ship science. This ilcitfty performs research similar to that of 
the David Taylor Naval Research and Development Center in Carderock, Maryland. 

The facilities for structural, pressure, and temperature testing at Krylov are extensive 
Those related to manned submersibles include: a 1.4 km linear tow tank; a 3.2 m 
diameter pressure test tank that is 9.8 m deep, and capable of testing to 1,000 
atmospheres; and a 1.8 m diameter pressure test tank that is 8.8 m deep, capable 
of testing to 1,600 atmospheres. 

The engineers at Krylov displayed a 2.4 m diameter titanium sphere, certified for a 
4,000 m depth by the Russian registry, for $1 million. Figure 4.2 is a picture of this 
sphere at Krylov. In addition, it has been reported that Krylov has been testing a 
composite (including glass reinforced plastic and acrylic plastic) *™ii« f or use in 
tourist submarines. According to Malachite, this technology originated at the 
"Prometey Institute." 

Lazurit (Nixhny Novgorod) 

The Lazurit Central Design Bureau is one of three design bureaus in the FSU that 
designed military submarines. The other Jw# 4 |e Malachite and RUBIN, both in St 
Petersburg. Of the 30 manned submersible* operating in Russia, 24 were designed 
by Lazurit About 11 models of l||t^ and tourist submarines were 

on display at Lazunt (see figures 4,3 and 4.4). Diagrams Or drawings for another 
six to eight models were dis played along a conference room wall. The only one 
recognizable by the visiting WTEC team w»s the Poseidon deep submergence 

222 r*“ cle - Thto “ 8 * milat to U.S. Navy's deep submergence rescue vehicles 
(DSKvs). Four Poseidorts are in service. 
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Hguie 4.4. CBD Director Kvasha (right) with Tour* Submarine Models 


Aa part of the Russian policy pf defense conversion, Lazurit is trying to 
commercialize its capabilities. The bureau's focus is on an array of small research 
and work submersibles, and on tourist submarines utilizing various undersea 
technologies that are the expertise of Lazurit The designs range from a one-person 
recreational submersible to a 130,000 ton nuclear-powered submarine container ship 
capable of carrying 1,000 standard 20-foot containers. Between these two ends of 

the spectrum are several proposed manned undersea vehicles of various sizes and 
capabilities. 

Currently there appears to be considerable interest in the United States for a 
nuclear-powered oceanographic research submarine for use primarily in the Arctic. 
Lazunt proposes a built-for-this-purpose submarine named Ocean Shuttle. 

Of the six to eight tourist submarines proposed by Lazurit, the one that has 
generated the most interest was a glass-hulled submarine. The term "glass" was 
originally described to the WTEC team as "composite organic and silicon glass," 
material reportedly developed in cooperation with Krylov. 

The innovative concept of a submarine lifeboat, to be used as an escape mechanism 
from a properly designed; offshore oil platform, was discussed. Personnel could 
escape from an endangered platform down through the inside of a hollow platform 
leg to the submarine, which would be mated to the leg. 
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In addition, Malachite proposes to design a submersible oil tanker that could 
transport oil under Arctic ice from North America to Asia. The bureau is also 
interested in designing various types of tourist submarines. The North 2, a 2,000 m 
submarine, was designed by Malachite. The status of North 2 was not determined 
during the whirlwind visit to Malachite. Literature for several undersea vehicle 
projects proposed by Malachite are listed in the Bibliography section of the 
Malachite site report (Appendix B). 

RUBIN (St Petersburg) 

The Central Design Bureau for Marine Engineering (RUBIN) specializes in 
submarines and other underwater technologies. Several years ago, RUBIN was a 
secret institute that could not be mentioned openly. The Typhoon, Oscar, and 
Komsomolets submarines were designed there. Because of recent conversion 
efforts, approximately 40 percent of the work is presently defense related, with major 
thrusts in the past several years concentrating on high-speed train development, 
nonmilitary submarines, and tourist submersibles. 

The bureau designed and built Neptim, die only Russian tourist submersible now in 
service, which began operations in 1993 at the island of Antigua in the Caribbean. 

Ma riecoprom ( S evastopol) 

The Mariecoprom Scientific Industrial Association, located in Sevastopol, is the 
operating arm of the Ukrainian Academy of Science. It operates ten submersibles 
and nine support ships, most of which are converted fishing vessels varying in size 
from 1,200 tons to 4,000 tons. These vessels conduct oceanographic and 
geophysical research worldwide. The current undersea interests of Mariecoprom 
are centered in the Ukrainian portions of toe Black Seta. Mariecoprom does not 
operate unmanned vehicles. The staff at toe association strongly believe that toe 
best science is accomplished in situ by knowledgeable and trained scientists. The 
submersibles operated by Mariecoprom vary in size add capability from the very 
large twelve-person Benthos-300 to the small, towed, three-person Tetis-H. 
Mariecoprom is able to provide qualified operating crews at very low daily rates. 
Mariecoprom does not conduct research and development directly, but operates 
and maintains support ships and submersibles for die Ukrainian government and its 
Academy of Science institutes. (The submersible support ships operated by 
Mariecoprom are described in Qtspter 7.) The submersibles operated by 
Mariecoprom are: Sever-2, Sever-2 Bis, Benthos-300, Omar, Langust, Tinro-2, 

Tetis-H, and Rif. (See Figures 4.8 through 4.10 and Tables 4.3 through 4.14.) 
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Table 44 




Sfitft 

Overall Length 

12 in 

Breadth 

2.64 m 

Depth 

408 m 

0pwBt^#tla9di h 

to 2,000 m 

Crew (2 pilots and 3 .* 

6 parsons 

operatora/observers) 

i',. ;=• - , ; ■ . r. . 


3kt 


6hr 

Passive Submerged Period 

72 hr 

Power Supply 

Accuitiulstor 


battery 



Figure 4.8. Snbmenfide Ssibf^ 
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Table 4.6 

Afaro-fl Operating Capabilities 

The apparatus is designed to accomplish several undersea technical and 
research activities, notably: 

1. Visual observation of the construction and monitoring of the state of 
underwater pipelines, cable routes, and various hydrotechnical structures. 

2. Search, recoding, and recovery of objects not exceeding 300 kg. 

3. Visual inspection of supposed sites of deposits of mineral resources, with 
the ability to take specimens from die surface erf die sea floor. 

4. Visual control of emergency-rescue operation with sunken floating aids. 

5. Search and recoding of fishery objects, studies of the hydrobiont behavior, 
and distribution as affected by environmental factors. 

6. Underwater teleshooting, filming, and photography. 

The apparatus can be equipped with more instruments and gear, which will 
increase the technical range of the apparatus implementation. The reserve 
cable lead-ins can be used to do this (technical capabilities of the apparatus 
permit the embarking of an additional 200 kg). As a result, the following 
operations will be possible: 

- sampling of soil, water, and benthos, when submerged; 

- data acquisition and mapping of bottom landscapes on the shelf and 
continental slope 

The submersible operates from a support vessel equipped with a special 
launching-lifting assembly that has a 15 t load-lifting capacity, as well as from 
floating cranes or other floating facilities of suitable displacement, satisfying 
the requirements of standard support vessel. , ■ ; 

The apparatus is capable of horizontal and vertical maneuvering within a 
water column, smoothly varying its position ajt a given distance from the 
ground until coming to a position of rest. j- * 

Viewing of the overboard field is effected through 6portholes, 140 mm in 
diameter in the bow portion of the hull, and 3 portholes, 60 mm in diameter. 

The submersible has simple and reliable equipment for underwater orientation 
and an up-to-date electric radio-navigation system that enables continuous 
co mmunication with a support vessel. ; 

The submersible possesses an electrohydraulic manipulator with 7 degrees of 
freedom. 
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Tabl* 48 

Hmtha^aWCNos. 1 4 3} Operational CapabffitiM 
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Tkhto4.10 

7bd*-/f Operating Capabilities 


^ Wher * V8r the following undersea fabric* and 

1. Detection and Mtimation of the fish stock in the water column of aghran region in the world’s 

OCMXlfl. 

2. Maintaining control ower fleshing gear of fishing vessels. 

J n IK j" rW> ?" r fflmlnq , M ! d photogntphy ' *** 718081 observations of underwater objects and structures 

4 Underwater transmission of operative video information to the monitor to screenan board the 

support Ttiflnl 


hyoroststic rsgfir*, depending on the task. 

,*“! * >imPl * “ ld rmtlon * 1 daei 0 n *™* His miniature and reliable. Its 

additional safety la due to postthre r ese rv e buoyancy (on the order of 90 hg). 


T he appara tus is equipped with a radio and telephone communication system as well as an 

camera with a flash. Wide viewing of the outboard apace is carried out through 3 portholes that are 300 
mm in diameter, and 3 portholes that are 140 mm in dtamster. penmans mat •» auo 


n a„“ UPP T V *“ e1, **“ *** «« U «U« the Tassel equipped with launching and lifting arrangement 
(load-carrying capacity 4 - 8 1), a special towing winch and low above-water board. 


Tahte4.ll 

Ctaiar and Lyasrmt Tacttoal Characteristics and Sfeedflcalioni 


Dry Weight 

8.4 1 | 

Overall Length 

5.6 m H 

Breadth 

2.64 m | 

Depth 

3.8 m 

Diving Depth 

to 640 m 

Crew (1 pilot and 2 operators/observers) 

3 persons 

Maximum Submerged Speed 

2.1 kt 

Active Submerged Worktime 

6 hr 

Passive Submerged 

72 hr 

Power Supply 

Accumulator 

battery 




tl» ■fenttmliomd tatend.dfarwtwi*^^*^*” 

underwater res ea r ch, such as: 

1 Sup port for the construction, control, and ta otek^l sar vidng of underwater 
pipelines, cable routes, and hydrotechnical ^M^Wa^ # - - 

8 . 

4. sS^lwdil^OTOw^Wlw*^^ 
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Figure 4.9. Submersible Languat 


Table 4.13 

IBf Tactical Characteristici and Spadfinationa 


Dry Weight 

2.6 1 

Overall Length 

4.2 m 

Breadth 

1.8 m 

Depth 

2m 

Operating Depth 

to 86 m 

Crew (1 Pilot and 
1 Operator/Observer) 

2 persons 

Maximum Submerged Speed 

2.5 kt 

Active Submerged Worktime 

4 hr 

Passive Submerged Period 

72 hr 

Power Supply 

Accumulator 

battery 
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Manned Snbmeniblea 



The submersible is intended for use 
activiti e s are n eeded, nunriy 




Suren, otwenon, nHuiung on 


1 • *-M • * t • ] 


9. Studies of 
10* te a p Mi g i 

11. Reeeerohi 


B—n Jhi g of water (info t pressure hull), eoi, and benthos, when submerged. 




|aj 1 1 1 a * 






■Jr t I * , 


weighing up to 25 jpg. Three reserge multicore cable lead-ins assure its inclusion into 


As a support vessel for the Nt one can eng** either the sea tug AHitiar, operated 
by die research and pradueflon association Msdecoprom, or some other vessel 
equipped with gear cassffile of lifting no less than S t, as well as some place to house 
and shore the submersfoie. 
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Figure 4.10. Submersible Rif 

P J. Shirshov Institute of Oceanology ( M o scow) 

The P.P. Shirshov Institute is part of the Russian Academy of Science. Divisions of 
Shinhov are in St Petersburg, Kaliningrad (Baltic Base), Ghelendzhik (Black Sea 
Base), and Moscow (headquarters) . The instituta operates ten research ships. Six 
are oceanographic research ships and twb aare submersible support ships. Shirshov 
has six submersibles. Two Mir class steel hulled, 6,000 m depth capable 
submersible* were built in Finland by Rauma-Ripola Corporation. Two Pisces class 
2,000 m depth capal ale submersibles were built in Canada by HYCO Ltd. The Argus 
600 m depth capable submersible operates primarily in the Black Sea. Qsmotr, with 
a 300 m depth capability, is located in Ghelendzhik on the Black Sea and is for sale. 

Experimental Design Bureau of Oceanological Engineering (Moscow) 

The Bureau of Oceanological Engineering is a spin-off of the P.P. Shirshov Institute. 
The people who now direct this bureau designed and built the Argus 600 and 



gg Mamed ft tow w i to 

Osmotr when they were part of Shirshov. This bureau now ie building two FUt class 
4,000 m submersibles that are 85 percent complete. The institute, which is seeking 
$2 million in Western hud currency to complete the two submersibles, has also 
indicated that it funding source one <dfh* submamiblea. Ta^ 4.18 

describee the Rift submersibles. Figures 4.1i|md 4.12 areplctuiiis&fre incomplete 
RUt submersibles. The Experimental Design Bureau of Ocea n o logi cal Engineering 
and Rift Co., Ltd. have developed two designator tourist submarines, Angara TS 
6/BOO and 20/100, which cost $400,000 and $880,000 respectively. (See 
Table 4.16.) 
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Table 4.16 

Tourist Sobs kftt Co, Ltd. 


| ........ Proposals for2TouriatSiiba 1 

Touritt Sub 20/100 
20 passengers 
100 m 6 epth 
Displacement 80 1 
Crew 2 to 3 
Power 160 kWh 
Length 12.B ra 
Width 3.8 m 
Height 3.6 m 

Launched 2 ywafter contract 
Price $880,000 

Tourist &£> d$00 
6 passengers 
600 m depth 
DiqplSoement 26 1 
Crew 2 
Power 79 kWh 
Length 9L2m 
Width 3.2 m 
Height 3.3 m 
Speed 1.B kt 

Price $400,000 


* ; ! l] 




■it i i i * i i 


* « 1 
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Ths optimistic view of the tourist submarine market at most design and fabrication 
activities as well as in operating groups needs to be questioned and resolved by 
conducting a thorough market analysis. 

Greater computing capabilities and the introduction of such tools as computer aided 
design will enhance undersea vehicle efforts in the FSU. The horizons of scientists 
and engineers there have been limited and their perspectives conditioned by l ack 
of computing tools. 

The manned submersible potential in Russia and Ukraine is large. Academically, 
industrially, and operationally, the existing base is impressive. Opportunities for joint 
ventures are numerous. 
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CHAPTER B 

Unmanned Systems 

Claude P. Brancart 


INTRODUCTION 

The purpose of the site visits was to quantify and evaluate die research submarines 
and undersea technologies in Western Europe, Russia, and Ukraine. The diversity 
of these regions was so great, especially when considering die needs, attitudes, and 
levels erf technological commercialization, that it seemed unwise to review the status 
of unmanned systems with all entities in a single group. Therefore, this chapter has 
been divided into two sections: Great Britain and France, and Russia and Ukraine. 

Unmanned systems include any hardware that is self-powered and operated 
autonomously (AUVs); self or surface powered, and operated with man-in-the-loop 
(ROVs); or towed through the water. Systems considered include free swimming 
vehicles and bottom crawler (tracked or wheeled) vehicles. Table 8.1 gives the 
major parameters for each system that will be considered in this chapter. 

The motivating force for the development of unmanned systems must be considered. 
Since development of commercial systems is driven by die profit motive, system 
developers have a direct and immediate application to a commercial need. Scientific 
unmanned systems are driven to acquire knowledge of the undersea environment 
through the collection of data (chemical, geological, biological, and others) as a 
function of position and time. Therefore, in this chapter, unmanned systems have 
been segregated into commercial and scientific categories where possible. 
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Unmanned System* 


Table 6.1 

Major Parameters Tb Be Con ri riared 


Physical 

Size 

Weight (dry/wet) 
Energy Source 

Operation 

Control 

Navigation 

Payload 

Size and Weight (dry/wet) 

Sensors 

Others 


Next, the present position of this technology relative to the rest of the market place 
and the prevailing trends of the facilitkm visited are evaluated. Finally, an attempt 
is made to compare present position and trends to those of their U.S. counterparts. 

The views presented are based on two- to three-hour visits to commercial and 
scientific facilities in Western Europe, Russia, and Ukraine. Three are many other 
fariHHoa in the region, but the findings presented should approximate toe status of 
toe prevailing technology. 





assist the offahom oft business. Of a 


cable deployment and bu ri a L 



of the world - to acquire information. The water column is 
one areai 

another may seek information on toe fisheries potential. 




The major producer of working ROVs in Great Britain is Slingsby Engineering Ltd. 
(SEL). This small company of 80 people, located in toe English countryside between 
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London and Newcastle, has cornered a major portion of the large ROV business. 
Other ROV-producing companies in the UJ£ are no longer in business. 

SEL has been in operation since die 1970s. Dining the earlier yens the company 
designed and fabricated the Submarine Escape and Rescue Vehicles (LRS); the one- 
atmosphere JIM suit, a carbon-fiber-skin diving suit rated for 1,800 ft operating depth; 
and Scarab 227 vehicles with water jet systems for cable burial, bottom crawlers with 
trenching capabilities, and otter heavy duty work systems for ocean use. SEL has 
also undertaken special design studies, for example, die 1 OK DOLPHIN project, a 
10,000 m ROV system for Japan. 

SEL now concentrates on large ROVs. The company first started with the Trojan 
series, which was redesigned to become the Multi-Role Vehicle ( MRV ). The market 
tor these vehicles is small. Thirteen Trojans were built, but die last one remains 
unsold because the first MRV made its debut. Presently SEL is working on MRV 
number 5. The basic parameters of these two large ROVs are given in Table 5.2. 


Table 6£ 

Basic P a r a met er s of Trojan and JfRVHOYa 



am a ..... 

Trofm 

MRV 

Length 

2.2 m 

2 m 

Width 

1.6 m 

1.8 m 

Height 

1.6 m 

1.8 m 

Weight/Air 

3,970 lbs 

1.8 to 2.2 1 

Performance 

2.8 kt 

2.8 kt + 

Power 

30 to 38 kW 


Payload 

91 kg 

180 kg + 1 

Operating Depth 

1,000 m 

600 to 2,000 m j 


There is a great deal of similarity between the two vehicle designs, but the basic 
design philosophy is different, hi 1990, SEL surveyed the market place and 
concluded that the future for large ROVs was a multipurpose vehicle system that 
would have the power, structure, strength and integrity, and flexibility that otter 
ROVs did not have. The result was the MRV - a basic core vehicle with the 
capability of incorporating a variety of payload packages based on customer 


* 
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demand. The modular buildktg-block approach must be cost-effective. The Mobil- 
FSSL project presented later emphasises this concept. 


What is not available, 



manipulator. The company also tea designed its own hydraulic power packages 
said thrusters. SEL has the capability to test all of the systems and components at 
their rated operating depths. 



handling winch, and anArFrame; and a North Sea duty control van with system 
controls, video displays, and recording capabilities. An auxiliary power generator 
system is included. For the complete 600 m MRV system, including operator 
training, the purchase price is £1,230,000, or about $2 million. 

Mobil North Sea Limited of Aberdeen, Scotland, la a user of the technology and 
hardware developed by flniwfwith ocean-related products. Because of the small 
market, they can direct where the technology should go. The Mobil-FSSL Diverless 
Intervention System is a prime example of this approach. 

The cspfybihty requirements of the Mobil-FSSL system are to replace components, 
operate valves, conduct valve maintenance ard pressure testing, and execute 
control umbificaiB and ftmadln e imtallation s in l.OOftm nf sea water. To achieve this 
goal, the company starts with t oos ROV, the SEL MRV, and odds peripheral 
components (see Table 8.3). These components hove been or are being designed 
by Mobil, SEL, and others. It is a multiyear program with defined milestones to 
assure system reliability and success. 
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Table &3 

Peripheral Components 


SIM 

The Skid Interface Module is the component that controls 1 
the work modules and interfaces with the ROV. | 

TIM 

The Tooling Intervention Module provides die capability I 
for subsea completion tree valve operation, valve 
greasing, and pressure testing. 

HLM 

The Heavy Lift Module js employed to install or retrieve 
control pods, choke inserts, or tree caps. The unit can 
position a 1,400 pound load. 

UPIM 

The Umbilical Pull-In Module is to be used to install both 
control umbilicals and small flowlines into subsea trees H 

and templates. | 


Table 6.4 

Coat Advantage of Diver and ROV 


I ITEM 

DIVER 

$/Day Coat 

ROV 1 

S/Day Coat | 

1 PImmsiI Maintenance fadenrenMon. 20 Dais 

oaLoaation 1 

Mobilization 

240,000 

112,000 

Field Work 

H000 1,2801000 

24,000 480,000 

Demobilisation 

' ‘ '■* - 160,000 


TOTALS 

1,680,000 

692,000 

Total Saved $1,08,000 

■tads Unplanned Intatvaailoa, 2Days on Location 

Mobilization 

240^000 

112,000 

Field Work 

64,000 12*000 

24,000 48,000 

Demobilization 

^ " 160,000 


TOTALS 

528,000 

160,000 

I Total Saved $368,000 0 
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cost and potential 
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autonomous, platforms deployed much closer to the seafloor. The DOGGIE vehicle 
would cover the ocean bottom at S to 6 let with 8 to 6 km side scan swaths with 1 m 
resolution. The vehicle would also support subbottom profiler, magnet om ete r , and 
chemical sensors. All data would be temporally and spatially recorded. 

The Autosub program, begun in 1988, incorporates four phases over a ten-year 
period, as shown in Table 8.8. 


Table &0 

Four Phases of Autoeub Project 


Phase I 

Year 0 to 2 

Conduct Subsystem fl 

Studies I 

- pressure hull I 

- buoyancy control 1 

- propulsion 1 

- hydrodynamics | 

Phase II 

Years 2 to 6 

Vehicle Subsystem I 

Development 

Phase m 

Years 4 to 8 

Demonstration Test 
Vehicle 

Phase IV 

Year 6 onwards 

DOLPHIN and DOGGIE 
Systems | 


Presently, the dual propulsion motorshave been designed pod tested under load at 
full operating depth. A one-half scale of the laminar flow hull for bOLPHBihas been 
built and tested in water depths to 1,000 m. The hull design is underway. Sea water 
exhibits compression of 2.8 percent between die surface and a depth of 6,000 m. 
Any material that is less compressible (steel exhibits 1/70 the compressibility of sea 
water) must be compensated or counteracted to maintain a neutrally buoyant system. 
The search for proper materials, both metallic and nonmetallic, and structural design 
is ongoing. Control logic for autonomous vehicle operations is being studied. 
Autosub is at the halfway point, and the demonstration test vehicle is behind 
schedule. The goals are ambitious, bid the real issue is the availability of funds to 
complete the program. 

Heriot-Watt University is located in Edinburgh, Scotland. The university is greatly 
influenced by the needs of the North Sea oil industries. In the 1970s, Heriot-Watt 
developed the Angus class of ROVs. Angus-1 was the first deep operating (300+ m) 
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Technical Experiments), a testbed ROV for validating hardware and concepts, has 
been built and is operational. 

Present Position. Relative to the Western world, the United Kingdom is equal to or 
slightly behind in scientific unmanned systems, but only because of funding 
constraints. The Autosub project is very ambitious; it will take five or more years to 
see the results. However, with low-cost obstacle avoidance and navigation systems, 
the inexpensive Marconi ODAS vehicle could be of great interest to the scientific 
community. 

Trends. Universities are taking a narrower view of technology development because 
of funding constraints. Long-term projects like Autosub may survive. What is 
interesting is the cooperative nature of technology development, not just within the 
country, but within the European Community. A prime example is the European 
Community Marine Science and Technology (MAST) research programs. Recently, 
two new MAST programs have been initiated with a goal of furthering autonomous 
underwater vehicle technology, namely: 

o Advanced Systems Research for Unmanned Autonomous 
Underwater Vehicles and 

o Autonomous Underwater Vehicle for Coastal Surveys. 

The first project concentrates on generic AUV technology in direct support of 
individual major vehicle projects at die British and French national oceanographic 
research institutes. The participants in this project include the Institute of Ocean 
Sciences Deacon Laboratory, Defence Research Agency (DRA) from the United 
Kingdom, IFREMER, Sodete EGA, and Institut National de Recherche en 
Informatique et en Automatique (INRIA) from France, National Technical University 
of Athens from Greece, and Instituto Hidrogrfifico (IH) from Portugal. The second 
project, DRA, is actually building a vehicle, MARIUS, or Marine Utility Vehicle 
System, for coastal seabed and environmental surveys. The key participants in this 
program are from Portugal, Denmark, and France. The MARIUS vehicle is designed 
for seabed inspections and environmental surveys in coastal water less than 600 m 
deep. The vehicle is capable of hovering and retrieving bottom samples. The hull 
has been completed and initial sea trials are expected off Portugal in late 1993. It 
is planned to be fully operational in 1994. 

The major point to bring forth is the trend toward international cooperation on major 
projects. There may be something to learn from this mode of technology 
development, especially in a tight money environment 
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o Low-cost ROVs 

o Deep ROVs 

o AUVs 

o Specialty ROVs 

Low-Cost ROVs 

These ROVs axe the "eye-ball" types, a controllable platform with a video system that 
is generally black and white. Examples of these are die Paha and Adeline ROVs 
from the Institute of Hydromechanics (UAS), in Kiev, Ukraine. These are 100 pound 
ROVs for 100 m water depths. The Fish- 102 (36 pounds, 100 m water depth) from 
Intershelf is very similar to the early Phantom ROVs from Deep Ocean Technology. 
Based on this similarity, Intershelf has priced the unit at $14,000, and has been 
negotiating with a Western distributor. These vehicles are probably 10 to 15 years 
behind prevailing hardware designs. 

Deep ROVs 

One interesting trend was observed. ROVs operated either in shallow water, that is, 
100 meters, or "full-ocean-depth," that is, 6,000 meters. An example of die deep 
ROVs are the Uran vehicle . from the Krylov Institute of Ship Research in 
St Petersburg. The Uran, built two years ago, is a large ROV with a smaller one 
tethered to it. The Intershelf Fish-103 (100 pounds weight and 1 kW power) has an 
operating depth of 6,000 m, but it must operate from a separate platform via a 30 m 
tether. This ROV was used on the third expedition to the Komsom olets s ubmarine 
that sank in 1,700 m of water off Norway in 1989. Subsequent to the WTEC panel’s 
visit. Fish 103 was used in three additional dives to Komsomolets during August of 
1993, penetrating into the submarine’s first compartment, operating there for a total 
of five hours and recording four hours of video. Fish-103has been priced at $50,000. 

AUVs 

The only ADV observed was the Scaros vehicle at the Bauman Institute ot 
Underwater Devices and Robotics in Moscow. The vehicle is very similar in function 
and sise to the recently retired French Epaulard. The Scares is 80 percent 
complete, but was put on hold because of a lack of funds. Another AUV, the MT-88 
from the Institute of Marine Technology Problems in Vladivostock, exists but was not 
seen. This vehicle can operate to 6,000 m, has a range of 15 km, and is 
approximately 3 feet in diameter, 12 feet long, and 2,000 pounds. The vehicle is 
tracked acoustically and can be controlled from an acoustic command link. The 
MT-88 conducted the first survey of tee Komsomolets submarine. 
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of specialty ROVs. The &tir*hcv Institute of 

Operate at 


Thera are numerous 

Oceanofpaphy (RAS) in Moscow has a deep ocean tow 
6,000 m front a 10,000 m umbilical. Sensors are a side scan sonar, low light level 
black-and-white video, and a color stereo camera. This system teas used on the 
second Ebnwamahts survey. 

towed CTD fruit can be maneuvered whfle under tow. Thk iftatitute is known for its 
plqaktet bcea rtogrsphlc sensors. Some oBte systerwoanoperate at2, 800 m , and 
measure dissolved oxygen, pH, turbidity, chlorophyll fluorescence, CTD, and 
to flte bottom. 


Bauman deigned and built numerous specialty v e hid iMi , fof example, a bottom 
crawler, an object (torpedo?) retriever, the Manta and Aquator (circa 1978) ROVs, 
and Triton. No specifications were made available, but the author has the 
impression that they are 10- to 18-year-old systems. 


a series Of bottom-tracked devices: 

a water < 


at 1 ton, Beta at 8 
of handling 
m. One unit, an 8- 



of water. The JSUVs are not impressive except for the lact that the MT-88 can 
operate in 6,000 m of water. There was nothing technologically exciting about the 
specialty ROVs. Unmanned systems have not been the forte of the Russians or 
Ukrainians. 


ftstndfc Out of necessity, 



exists is 

for developing tourist submarines. However, a detailed study of tie world market 
for tourist submarines indicates that a need exists ter only 10 to 18 mote submarines. 

Intershelf exemplifies another trend where a foreign flrmi JP. Keraty, formulates 
teaming agreements with individuals and facilities to conduct business on a 
worldwide basis. 


The first market for unmanned systems will be in the countries of the FSU, but the 
prevailing economic situation there will have to become more stable and stronger. 
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CHAPTER 6 

Applications of Acoustic Technology 

Richard Blidberg 


INTRODUCTION 

This chapter explores the applications of various acoustic techniques that were 
discussed during the trip. The WTEC team saw many systems and research 
interests in the United Kingdom, Renee, and Russia. Hub discussion is not meant 
to represent all such applications being undertaken in all of the countries 
referenced. Many more are undoubtedly underway. The applications mentioned, 
however, do give a sense of the relative breadth and level of technology being 
worked within each of those countries. This summary of activities is considered to 
be a snapshot and suffers from limited technical depth and scope. 


GOALS OF THE ASSESSMENT 

Aset of objectives were established to help organize the information gathered during 
die visits and, hopefully, guide the discussions. Although aU of the objectives were 
not met, many insights and new knowledge of capabilities were gleaned from the 
discussions. The objectives established to allow consideration of the applications 
of acoustic technology were as follows: 

1 . Begin to document applications of acoustic technology 

2. Assess the maturity of those applications 

3. Relate those activities to similar ones in the United States 

4. Identify unique concepts or applications 


I f i I 4 f 


it* r * J* 


of the 


hJdware ft Would be foolhardy to state that this 

visit clarified the questions related to concept maturity, it was possible to gain an 
initial understanding. 

There is * marked difference between development* in the United States and the 
FSU. There is also some difference between what was seen in France and the 
United Kingdom and in the United States, although those differences were far less 
pronounced. 




For purposes of this report, it is 
Europe from those found hi Bum 


much effort is bemg 


types of activity of the 
sere discussed. It 
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*ht to 8.1 

Otgutodoni Whm Acoustics Applications Wan Di s cussed 


organization 

LOGAHON 

TIPS 

APPLICATIONS 

General Physics Institute 

MoseoWrAnsria 

RES, DEV 

Acoustic Propagation Studies 

Andrew Acoustics Institute 

Moscow, Russia 

RES 

Various Research 

Marine Hydrophysical 
Institute 

Sevastopol, 

Ukraine 

RES, OPS 

Acoustic Current Meter 

Shbahov Institute 

Moscow, Russia 

RES, DEV 

Arrays, Xnducrs, Small Beacon 

Institute erf Applied Physics 

Nixhny 

Novgorod. Russia 

RES, DEV 

ADCP, Arrays, Processing 

NHVK 

Moscow, Russia 

RES, (DEV) 

CPU Hdwr/S&w, Applications 

St. Petersburg State 
University 

St. Petersburg, 
Russia 

RES.EDU 

USB Tracking System 

Oceanpribor 

St. Petersburg, 
Russia 

RES, MAN 

Various Applications 

Bureau of Oceanological 
Engineering 

Moscow, Russia 

RES, MAN 

Various Applications 

Geoton Company 

Dubna, Russia 

COM 

Seismic Data Acquisition 

Palano Company 


COM 

Low Frequency Sources 

ROS Company 

Dubna, Russia 

COM 

Mbrisosns 


Dubna, Russia 

COM 

Scalar Tomography 

Heriot-Watt University 

Edinburgh, UK 

RES.EDU 

Various Research 

Tritech International 

Aberdeen, UK 

COM 

Low-Cost Sonar Systems 

Ream 

Aberdeen, UK 

COM 

Volume Scanning Sonar 
i^stem 

Marconi UDI* 


COM 

Xnsducrs, Tools, Systems 

Marconi Underwater 
Systems 

WatedoovfDe, UK 

COM 

Various Products 

IFREMER 

Toulon, France 

RES, DEV 

Various Applications Research 


Marconi UDI wu sold in August 1993, and is now known as Fugro-UEH Limited. 







































































The 

equippedWith two trariSdiKtets, in the Barents Sea to do found path research at 
100 Ha and 300 Hz frequsndei .at output powers oUOO W and 300 W, respectively, 
hi conjunction with these acoustic sources, an array eonsistbig of 12 hydrophones 
is used for receiving the acoustic signals. The array, 70 m hi length, can be towed 
from a ship or mounted on the sea floor where it is. battery powered (operating 
depth of 600 m). The aroy has sensors to measur e depth and tilt angle to 

tithe ufe ofbuo 

received data can be transmitted to a remote location up to 10 miles away. 


Using this system, researchers have sent atausffo^ over a 300 km path to 
determine looses lor both vertical and horizontal paths. Hus work has been used 
in conjunction with acopstic tomography efforts in die United States. The institute 
hopes to continue this work hi fee Arctic Basin for long-range tomography 
experi me nts. The institute also hopes to do scone shallow water work with this 
system in fee Barents See. 

At mos ph ere - Ocean Gommunfc atfany. An i a tere e tbi g application was discussed 
where comxminications between an aircraft and a submarine would be accomplished 
using high-powered lasers and acoustics. The aerial platform would use a very 
high- powered modulated laser directed at a very small area of the oceansurisce. 
The power oufout of the 1 sscT would be high e nough to create medhmicial at afece 
roughness that could be sensed by the submerged platform. Through analysis of 
the generated surface roughness, the information transmitted would be detected. 

Conversely, the submerged platform would use an upward directed very high 
frequency sound source to create similar roughness on the sea surface. This 
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roughness would then be detected by a cross-polarized radar. This concept has 
been tested from a low flying aircraft. 

jlndnevADOiiaticalnatitiite (Moscow) 

The Andreev Acoustics Institute is a research institute and considers first principles 
related to acoustic applications. Although the institute (toes not build systems, it 
becomes involved in the testing and evaluation of systems after they have been 
developed. 

The institute focuses on basic research of sound propagation in the sea, although 
it is now considering air acoustics as well as a number of other application areas. 
The institute is involved with scientific research, not prototype development. It is 
involved in five areas of acoustic research: (1) ocean, (2) oil and gas, (3) medical, 
(4) ecological, and (8) air acoustics. This is a technical institute and, as such, 
previously worked only on problems provided by the user community. Recently it 
has been given more freedom to choose its research directions, but has far less 
support to accomplish that research. 

The following nine acoustic applications were mentioned, a few of which were 
discussed in some technical depth: 

o Transponder system development 

o Bottom referenced positioning system 

o Bore hole reentry system 

o Sound vision system 

o Parametric sonar system 

o Pulsed acoustics for pollution monitoring 

o Matched field processing activities 

o Communications 

o Marine mammals research 

Transponder System Development The institute is interested in undersea 
transponders with extended durations. Some work has been undertaken directed 
at th e development of transponders that would extend their endurance through the 
use of a sleep mode. One year or more lifetime with wake up mode is expected. 

The institute has been investigating die design of a multibeam receiver for obtaining 
accurate range and bearing determination using transponders. Investigations 
suggest bearing accuracies of 1°. The incite has not built these receivers, but has 
completed the design investigations. 

Bottom Referenced Positioning System. This project uses bathymetric data to 
monitor the movement of slow moving objects such as oil rigs. Andreev Institute 
compared data acquired from a multibeam sonar with previous data to get motion 
accuracy of ±1 cm. The institute has a multibeam sonar of 100 1 ° beams. 
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to monitor the positions of off drilling heads; ft recssring frill eliminate the noise 
associated with the drilling process and allow for range and bearing to drill head. 

Sound VWon System. This effort is focused on mecfical applications. An acoustic 

x 100 array with 1 • 



for different applications. One such application is fix oil exploration; the sediment 
is usod to nrix oanfem arounri 300 kH* to get a 600 Hs d iff e r ence in frequency for 



djfiffl (I to 10 m) pa**- They hates tm some experiments to obtain 
understanding of changes in concentrations of pollutants to 1 part per 10*. 

Matched Held Processing. The institute has been working on matched field 
processing for years, and is now applying that technique to various problems. They 
are working on, or at least interested in: qr h l 


1 . 


3. 

4. 


Long path acoustic current meters. - The ma tc hed laid techniques minimise 
errors introduced by the bottom and smfi^ reverberations in shallow water 
channels. This increases tine accuracy of measurements of fluid flow in long, 
shallow water channels. 

Internal wave structure of a channel Scien tists fe e l that they can analyse the 
health of a body of water by understanding the flow of water entering and 
exiting that body. 

Underwater acoustic holography. The institute is using optical waveguide 
techniques to better understand underwater sound channels. 


mentfoned a project to 



effect of an acoustic wave as it propagates through the marine sediment, 
various parameters oan be determined. 



that there was a 
3,000 km). The same 


to shorter ranges with 


i-n 
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correspondingly higher data rates (e.g., 20 Hz ±10 for ranges of 1,000 km to 2,000 
Ian using a receiver with 18 bit resolution). With regard to bore head telemetry, the 
institute wants to use its techniques for implementing a low data rate telemetry 
system from the drill head to die surface without 

Marine Mammals Research Andreev is researching dolphins’ and other marine 
animals’ sonar capabilities, with an interest in understanding what can be applied to 
sonar systems. Marine mammals such as the dolphin have a sonar system that is a 
"whole" system, that is, the physiological characteristics of the animal as well as its 
behavior are part of the entire sonar system. Much may be learned from this: it has 
been said that 8 to 100 neurons can sometimes have the equivalent processing 
capability of a million computers. 

The institute is investigating some basic issues associated with neural networks, 
specifically, how a group of neurons with msec response times can be connected 

so that the group can detect msec variations. The research effort in this area is not 
large. 

Marine Hydrophysical Institute (Sev astop ol) 

Acoustic Current Meters - Special Instrumentation The Marine Hydrophysical 
Institute is principally focused on the study of physical oceanography. Scientists 
there have a substantial design, development, and manufacturing capability to 
support the development of instrumentation required for their activities. There is an 
acoustics facility at Odessa, but there was not enough time for the team to visit it. 

The institute has developed a number of acoustic current meters for its needs. It has 
concentrated on acoustic current meters that measure velocity components at a 
point rather than utilizing the range gated Doppler system concept No other unique 
applications of acoustic technology were reported; however, others may well exist. 

Shirshov Institute (Moscow) 

The Shirshov Institute is involved with the production of platform and instrumentation 
systems needed to support its oceanographic research. Since there was limited 
availability of Western equipment, the institute’s scientists and engineers were forced 
to develop their own instruments. While this activity was driven by necessity, it also 
helped to stimulate the development of some unique devices. The applications 
mentioned were: 

o An AUV simulator with forward-looking and vertical sonar 
o Sonar information processing 

o Transducer elements for side scan sonar mid acoustic imaging 
o Hydroacoustic beacon/transponder for divers/mammals 


- 5 1 [ •} = : 


3-D system* are 


~*\S 


. i * > * g i T 


most of this institute’s 
detail was discussed, i 


work takas pkace- Although little technical 
i were mentioned, i ncludin g. 


Submarine location using acoustic and nonacoustic means 

Low frequency acoustics in the sea 

Phased arrays in sound transmission and reception 


Physical and 


modeling of the oceans 
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o Acoustic Doppler current profiler, 3 beams; 30° or 120° 
o Mobile linear array 

Low Frequency Sources. One example of work on low frequency sources was the 
testing of a compact electromagnetic monopale source in conjunction with the 
Woods Hole Oceanographic Institute (published in WHOI-93-09). The titanium 
source, developed at IAP RAS, has a mass of 123 kg and a diameter of .54 m. The 
system has a center frequency of 226 Ha, a bandwidth of about 60 Hz, an associated 
pulse resolution of about 200 msec, and a sources level of 198 Db re 1 pPa at 1 m, 
with an efficiency of about 80 percent This source is being considered for use in 
monitoring the ocean to understand more about global odean processes and their 
impact on the world’s climate. 

Mobile Linear Array. This 200 m long mobile linear array consists of 64 
hydrophones spaced 3 m apart (300 m operating depth). The system is capable of 
making very accurate acoustic spectrum measurements from 20 to 300 Hz. The 
upper range can be extended to 2,000 Hz. Included with this system, which is 
available for sale at $20,000, is signal processing software, which otherwise costs an 
additional $12,600. 

Acoustic Doppler Current Protiler. This instrument is a three-beam (30° beams 
oriented 30° off vertical in 120? azimuthal increments), 220 kHz system for operation 
m water depths to 400 m (200 to 300 m for current profiling, and 300 to 400 m for 
ship velocity measurements). The system is configured with an TP M /AT for 
processing. It is believed to be superior to the RD Instruments system. 

# 

S ci enti fi c Research Institute of C o mp uter (NHVK) 

NHVK was represented as the institute responsible for designing computer hardware 
and systems software. In accomplishing this task; WIVE scientists developed 
algorithms for sonar systems. Muchhf this Work was originally classified (and some 
still remains so) but is now unclassified. Efforts: are underway to commercialize 
several acoustic applications that have evolved from the weak at NIIVK The 
following describes some of those concepte. 

Jfcft Monitoring Sonar System. This system is designed for low-tonnage vessels 
fishing in any open ocean areas. It isiaimed at detecting pelagic and bottom fish 
shoals to determine their location while the vessel is operating at full speed in seas 
ijp to sea state 4. The system is used in low-tonnage vessels for fish objects 
detection (fish, crustaceans, moUusks) in active and/or passive (on receiving 
bioacoustic signals) sonar mode. 

The unique feature of the system is its use in a passive sonar mode, which assists 
in the detection and classification of living resources on or in the bottom layer, which 


» « r • i 


T* M k » i 
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and a concentration factor equal to 1} al 
range tor a shelf sone must be more than 6,000 m 


for a frequency of 18 


tie t ran sduce r , the 
fish shoals (at an 


I • . < • i « 


£" 51 ^^ scan mode the syst^scatts ± 168 # In the 

sximuth plane and 0 to 90* in the elevation plane (bottom directum), ^curac^of 
fish object location in the azimuth and eletation guida n ce mode is not less than 
pMCTnt, Less precision Is permitted in die. search mode. 


disp lacement control is remote, automatic, 


Display, signal, and control processors are 
processors. The required performance of the 
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This parametric sonar system has a transmitting array of 0.2 m 8 in the angular sector. 
A parallel-sequential spatial view is obtained by die system. 




Range 

0.1 to 2 km 

View Sector 


in azimuth 

±48* 

in elevation 

±18* 

Distance Resolution 

0.2 m 

Angular Resolution 

1* to 3* 

Antenna Square 

0.2 to 0.6 m* 

Equipment Volume 

0.2 to 0.6 m 3 

Submergence Depth 

up to 800 m 

Power Consumption 

0.8 kW 


The receiving array (0.6 m 2 ) receives a noise and valid signal mixture. The 
amplified, filtered, and digitised signals are sent to the computing facilities. Signal 
processing includes the following: 

o Multibeam forming in die spectral region 
o Reverberation noise suppression 

o Matched filtration 

o Signal detection and signal parameters measurement 

o Primary signal classification 

o Data preparation for displaying 

o Processing results arching 

The processing results are displayed. An operator analyzes the image and, taking 
into account primary classification data, identifies die object under observation. 

Design specifications of this system are available. The main design concepts have 
been analysed, simulated, and tested in nature and die array 

breadboarding has been accomplished. Proposals for cooperation with foreign 
participants are being sought. 
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shoals search and classification in the shelf zone and in the open ocean. General 
system specifications an given in Table 6.3. 



nitration, matched with moving underwater objects 
Measuring signal detection and signal parameters 
Classifying initial signals * 

Preparing data for display 
Filing processing results 


The processing results an dfapiayed. An operate# - analyses the image and, taking 
into account initial classification data, identifies five object under observation. Data 
concerning new objects an then loaded into the Classification database. 
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o Angles of arrival in the vertical and horizontal planes 
o Time delays between beams 

o Correlation factors between beams 

o Spatial intervals of beams coherence in the vertical and 

horizontal planes 

o Time intervals of beams coherence 

o Bottom and surface reflection factors 

o The ocean noise spectrum and spatial characteristics 

: u . 

General system specifications are given in Table 6.4. 

The antenna, installed at die transmitting ship, transmits a pseudorandom signal. 
The array at the receiving ship can be placed in the vertical or horizontal position. 
It receives a noise and valid signal mixture. Amplified, filtered, and digitized signals 
are sent to the computing facilities. The computer evaluates the beam structure 
parameters of sea acoustic fields. The use of special algorithms provides beam 
super resolution. Computer system software includes beam structure evaluation of 
acoustic fields and the comparison of theoretical and experimental results. 

bt order to make measurements more accurate, the receiving array is automatically 
calibrated at regular intervals. Processing results are displayed and loaded into a 
database. This measurement method has been experimentally verified in the Atlantic 
Ocean. Proposals for cooperation are being sought 


Table 6.4 

General System Specifications - Beam Structure Parameter* 


Antenna Length 

36m 1 

Frequency Band 

1 to 6 kHz 

Number of Resolution Beam Clusters 

up to 16 

Number of Resolution Beams in a 
Cluster 

up to 3 

Angle of Arrival Measurement 
Accuracy 

1 to 3 minutes 

Time Delay Measurement Accuracy 

10 -4 sec 

Focusing Factors Measurement 

' s% i 

Accuracy 

1 
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A pp Bca t tam of Aooarte Tachnotogy 



The university his some intweet in in ultiiriutt bseslins u m i tt wittr Uiutinsi syeteni 
with a nt^e of 1 km. flbt much was discussed rthdio to otter acoustic 
ipiri teytjftng , although there may be other work underway. 



commun ity. The following applications/acoustic instruments were mentioned: 
o Acoustic rele asee ' _ ' 

o Transponders for the navigation systems 
o Communications between submersibles and surface vessels 



TECHNOPOLE is a trade gi^ iadrepressala several startup companies that have 
spun off the technologies developed at Atoll Scientific Research Institute in Dubna. 
Four companies dismissed their products and ideas for products, as summarized 
below. 


Cfeoton Company (Dubna) 

Acoustic Data Acquisition System. Geoton On erdstettcefor about two years) 
presented a multichannel seismic system to esplore for oil and gas. The unique 
feature of the Geoton spam is its multichannel capability for data acquisition and 
processing. Up to lfSpD irfia*ii»is are pdtettSr^ 

flues dimensional views and (pester accuracy for location erf tes t dril ling sites. 
Onotan that this will reduce the number of test wells by one*thfrd. With the 

Geoton system in place it 4s also possible to estimate undepleted reserves in 
productive oil and gas fields. 
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14 • 19.8 kHz tort. 
8 - 13.8 kHi res. 


38.8 or 39.8 kHz 
fixed treq. int. 

37.8 kHz 
find freq. tort. 


Transponder 


Transponder 


Transponder 


Transponder 


Transceiver array 


Transceiver array 


Transceiver array 


Transceiver artsy 


Transmitting array 14 - 20 kHz 
3-7 kHz 


Hydrophones 


Mulllpuipuia 
scanning sonar 


Hydroacoustic 

telephone 

communication 


2801m. 180 da W 
3 yis 


10 days - 180 days; 
3 yra 


1*000 - 6,000 m family of 

ttanapondaca 


6,000 m various reply 

strategies 


7.76 > 12.25 kHz int. 2 yra - 3 yra 
21^36 kHz res. 


21.88 - 28.46 kHz 
fixed freq. int 
27.17 - 32.47 kHz 
fixed freq. res. 


Digital 

communication 
system over 
hydroacoustic 
channel 


Ship positioning 
system 


Sonar Doppler log 288 kHz 



Multibeam channel 


7 - 12 kHz int. 

28 or 38 kHz reply 
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also in the site report, are photos that show thehydrophone piezoceramic of about 
1.8 inch diameter, and the hydrophone housing, which is approximately 12" x 8" x 2", 
and contains the hydrophono and tho o/d signal convertor. 
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patents, for acoustic devices. He discussed the design of sparker, boomer, 
electrodynamics and hydraulic-type emitters. Finally, he discussed the 
characteristics of a patented cylindrical emitter, created especially for use in seismic 
operations. 

The problem of more durable electrodes in the sparker device has been solved by 
encapsulating them in a special liquid bi which die high powered electric discharge 
takes place. The power in a single pulse from this large device, which is 1.2 m by 
.8 m and weighs 300 kg, is 5 Id, which is hydraulically transmitted through the 
encapsulation to the surrounding sea. The operational depth of the device is up to 
200 m. 

High Powered Boomer-Type Induction Pulsing Emitter. A high powered boomer- 
type induction pulsing emitter with a tunable frequency response was described. 
The device was tunable to provide maximum amplitude in die low frequencies - 50 
to 700 Hz. It was claimed to be the first such design available for deep water use, 
that is, up to 300 m. 

Pulse Resonant Transmitter With High Frequency Response. A working model of a 
new pulse resonant transmitter with high frequency response has been completed. 
The transmitter has a flat characteristic curve in the 10 to 300 Hz range through the 
use of reactive compensation, and has output power in the 3 kf range. The 
transmitter is electrohydraulic; it is purely electric at low power and can be purely 
hydraulic at high power. 

Low Frequency Active Array. A developmental concept was discussed for a low 
frequency active array of cylindrical shapes that might be used for searching out oil 
and gas fields. The array would be arranged to fit down an oil and gas well casing 
and would operate in the 50 to 100 Hz range with control to produce a directed 
beam pattern along a horizontal plane. The total system would also include a 
multichannel receiver array. 

INFXtAD Company (Dubna) 

Fish School Detection Using a Passive Sonar System - ARGUS System. A senior 
scientist from ENFRAD described the ARGUS system, which is being developed in 
partnership with other companies in the Dubna region. The ARGUS system 
proposes using sonar emission tomography to detect fish shoals, currents and 
underwater waves, and sediment fallout rates. The proposed system would be 
purely passive and would have a maximum depth of 1,000 m, with a monitoring base 
line of 150 m that lies up to 200 km offshore. The pattern of surface noise would be 
understood through array processing as fish, currents, or sediment, and could be 
characterized as to depth, density, and school size of fish. The processing by each 
array would require the characteristics of the conditions in situ. The spokesperson 
for ENFRAD explained that for about one year, there had been basic work exploring 



the fine structure of hydroacoustic fields to support the concept of sonar 
as yet there hadbeen no faru&ng to sup p o rt experiments. 
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Linnett, was investigating sonar signal 
discussed: 
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. The following topics were 
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Pipeline inspection 
Seabed <^ w«t eriBtio s 
Sonar data 
Sonar simulation 




positional information required by combining signals from optical sensors and 
acoustic sensors to increase realizable accuracies. 


Subsea Communications. These studies investigate mathematical models of 
underwater acoustic propagation channels and the validation of these models 
through Held demonstrations. The purpose of these efforts is to provide design 
information for high data rate communications for autonomous underwater vehicles. 


Digitally Focused Sonar System. This project seeks to develop methods of creating 
high definition images by the digital processing of sighatofrom sorter anays.with 
application to the detailed survey of seabed features, texture classification, object 
detection by surface vessels ami underwater vehicles, obstacle avoidance, end 
navigation of AUVs. 


Object Detection. Thegroup’s years of work on object detection has advanced to 
astage where excellent detection rates have been achieved for many different 
s«il)id t)fipee. The work is now aimed at assessing the probability of detection 
against different backgrounds. 



A system that 
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rii&iste processing of foe data has been successfully 
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Seabed Characterization. This work has reached the stage where excellent 
characterization of complex seabeds from side scan sonar records has been 
achieved. The present aim is towards a database of seabed types covering most 
areas erf the seabed. With the increase in data rates from sonar equipment, die 
ability to accurately analyze data quickly is essential To this end, a system has 
been developed for performing on-line segmentation of seabed types. This has 
application in hydrography where it is possible to perform seabed comparison over 
very short time scales. This could be of major importance in times of conflict 

Sonar Data Compression With the increase in resolution of modem sonars, 
gigabytes of data are now being gathered in side scan surveys. Techniques have 
been developed that are capable of compressing the information by many orders of 
magnitude. This has obvious benefits for the storage, manipulation, and transmission 
of such data. Work is continuing on techniques for real-time handling of acoustic 
dat a. 

Sonar Simulation, The group is developing mathematical and graphical techniques 
for synthesizing side scan data. The aim is to develop a system to allow the study 
of die sonar process, which will aid analysis and detection work. 

Marina Technology Directorate Ltd. (United Kingdom) 

The Marine Technology Directorate (MTD) is a United Kingdom-based association 
with international membership. The members have significant interests and 
capabilities in ocean-related technologies and come from industry, government, 
research establishments, academic institutions, the United Kingdom’s Science and 
Engineering Research Council, and die Royal Academy of Engineering. 

MTD funds research programs that relate to undersea vehicle technology. One, the 
Technology for Unmanned Underwater Vehicles (TUUV) program, covers a broad 
spectrum of technology problems in six main areas: sensing, control, 

communication, navigation, propulsion, and analysis. Three of those projects reflect 
types of activities related to acoustic applications in the undersea environment. 

MTD advances research and development through its funding of marine research. 
MTD also encourages communication fri the marine community by organizing 
discussions with companies whose interests relate to the objectives of the WTEC 
study. A description of three TUUV projects funded by MTD follows: 

Techniques lor Processing Side Scan Sonar Data tom Large Data Sets (Heriot-Watt 
University). In recent years, there has been an increase in the demand for high 
quality side scan sonar data for mapping sediments on the seafloor. Coupled with 
this demand has been increasingly sop h i stic a te d sonar equipment ca p abl e of 
obtaining high resolution images of the seafloor. These factors have led to an 
abundance of data that must be examined by trained personnel in a subjective and 
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Ttoblt 6j6 

Spedficatiom of Triteah Sonars 


SPECIFICATIONS 


Frequency 


Bandwidth, nonnal 


Beamwidth, Big Top 


Maximum Range 


Pulse width 


Scan rate 


Depth rating 



60- 1,000 
Msec 


60- 1,000 
Msec 



60 - 1,000 
Msec 


8-40 


3,000 m 


The sonar heads share a common power supply requirement and Ha»^ 
communication protocol that enable the connection of multiple devices, including 
sonar, profilers, and altimeters, to the SCU-3 via a single twisted pair. 

The SCU-3 is a powerful yet simple to operate multitasking acoustic processor. In 
addition to controlling ST sonars, it also operates Tritech ST 1000 scanning profilers, 
displays real-time video, and shows information from other sensors, such as a TSS 
340 Pipe tracker and eastings and northings from a navigation computer, all on the 
same monitor simultaneously. Data may be logged to and replayed from disk. 

Images may be taken from SCU-3 and entered into desktop publishing packages to 
assist in creating post-operation reports. 

Reson Systems UK (Aberdeen) 


The SEABAT 9001 system is a multibeam sorter system that carries Out p rofilin g 
operations. It consists of a low weight (8 kg ki water) multibeam sonar head, a 19- 
mch rack mounted processor, a high resolution monitor, and a track-ball with which 
to control the system (all functions are menu driven). 

The SEABAT 9001 transmits a 90° x 1.8* Can beam consisting of sixty 468 kHz 
individual beams (1.8® x 1.8®) in one single pulse. All the beams are formed using 
a curved face transducer that minimizes background noise. 

Because a single pulse is transmitted, undistorted profiles are generated, accurately 
portraying even the most complex sea bed features. Also, due to the single 
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d at 30 times per second at 28 m 
at 100m 


acquisition program to 
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digital terrain 
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and 
Beehive the 
lead 
area 

>ring 
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Am 

selected and is dependent on the 


projects. Marconi has a modular building block concept where the company 
naoVanM standard hlocks of transducers into large arrays. The following summaries 


describe sane of the systems discussed. 
Sonavisian 4000. Sonavisi on *3® * tfae> 

of electrical energy into mechanical energy. 
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The Sonavision 4000 transmitter and receiver electronics are hilly tunable via 
software from 150 kHz to 1.5 MHz. Therefore various beam angles and frequencies 
are available, that is, 1 MHz profile and 2,000 kHz long range search. See Table 6.7 
for specifications. 

In one application, the standard Sonavision 4000 sonar product was modified to take 
a 1.2° 500 kHz sonar array. The computer graphics card in the display system was 
modified to store up to 10 sonar pictures and the OS9-based control software was 
adjusted accordingly. Software was also supplied for personal computer control of 
the sonar system, enabling the operator to store sonar images to disc. 

1-3 Connectivity Piezoelectric Materials for High Frequency Sonar. UDI and 
Strathclyde University have spent three years developing new materials for sonar 
applications. In brief, the material consists of piezoelectric ceramic pillars 
embedded in a polymer matrix. In general, the combination of long, tall ceramic 
pillars and polymer materials enhances the electromechanical conversion efficiency 
and reduces the acoustic impedance to provide a better match to water. The results 
have enabled phased arrays to be manufactured at a fraction of their price, and for 
special sonar transducers to be supplied at little additional cost to clients. 


TafatoflJ 

S p e ci fications of Sonavision 4000 at BOO kHz 


Transmit 

27° vertical x 2.1 ° horizontal 

Receive 

27° vertical x 3.0° horizontal 

MJD.S. 

72 db 

Source Level 

210 (jib re I micropascal at 1 m 

Pulse Length 

100 Msec 

Bandwidth 

10 kHz 

Scan Rates (Menu Selectable) 

Sow, normal, fast, super fast | 


Cavitation Cleaning Sonar. UDI built a technical demonstrator sonar consisting of 
a 400 mm diameter multi-ring 270-eIemenf phased array, and racks of 45 power 
amplifiers. The system was designed to produce a focused beam capable of 
cavitating a small volume of water. The cavitation effect can be used to clean rust 
off metals. Investigations are underway into its capabilities against marine growth. 
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Application* at AcomSc T echnology 



Mirror Sonar. 

and subsea electronics for a low cost mirier sonar, 
sonar receive and transmit arrays Me designed and built kite a focused acoustic 
mirror housing. Electronics from UDTs modular sonar designs were incorporated 
to provide a 24-channel sonar system. 

for a sonar 
16 elements each were 
Electronic pods containing 


to a minimum by using UDI standard sonar building blocks that use surface mount 
devices. 





In coctiunction wkhits product development, Marc oni Un derwater Systems has 
developed acoustic systems. During fee visit of fee WTEC team, a few of those 
u — j u " i ~ n y, at 

A sealed divers 

electronic module (DEM) has been designed tor use down to 100 m. Divers using 
gloves can carry ™it simple battery changes. Communication to achieved using high 

attached to the DEMs. Each DEM uses a single sideband, a suppressed carrier, 
transmitters, and receivers. 

riwrt orS» h ^essto ta lk (PTT) switch causes fee 

changeover from receive to transmit To enable diver-to-surface communication, an 
adaptive headset isused for fee surface operator, while fee diver uses bone 
conduction earphones and microphones. 

A minimum effective distance of 1 km can be achieved when the DEM is selected 
at long range. A facility eadststo reduce fee elective range to short range (less than 

Jtay number of divers can be involved wife fee controlling surface station. 

A Hull M^ungifT High DuSmtkm Scmmmg Sonar for Surveying Jbshore Coastal 
Wal?n. The transmitting and receiving array* assembled within fee sonar head are 
mounted beppafe fee vessel. The scaled sector can be depressed to any angle 
from fee hodsoptal and can be rotated to any position in azimuth, in either the 
vertical or horizontal mode. 
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The sonar head is mounted on a dynamic, stable platform that relates the beam to 
a fixed spatial reference independent of roll, pitch, and yaw by die vessel. The 60° 
insonified sector is scanned electronically by a very narrow beam to generate a high 
definition video image. Each echoed pulse represents angle and range data for 
processing by the computer. The received echoes are digitized and subjected to 
modem image processing techniques. These enhance the composite video and 
eliminate flicker. Performance has been demonstrated up to speeds of 10 kt and sea 
state 4. 

The Mark n Hydrosearch outputs standard CCIR TV format This permits the use 
of a wide range of devices, such as TV monitors, line scan recorders, video 
recorders, and output printers. 

Bathyscan Swath Echo Sounding System. Bathyscan is a 100/300 kHz swath echo 
sounder based on the principle of acoustic interferometry. In the 100 kHz mode the 
system will operate in continental shelf water depths and can map a swath up to 
500 m wide, while at 300 kHz it offers high resolution surveys in rivers, harbors, and 
estuaries. 

Advanced Models of Sound Propagation in the Ocean Marconi Underwater Systems 
is engaged in research on the propagation of sound in die oceans in order to further 
develop the company's knowledge of die complex underwater environment. 
Computer models of sound propagation play an important part in this research and 
allow the user to predict the distribution of sound intensity given prior knowledge 
of die physical properties of the ocean, such as its sound speed profile. 

IFREMER (Toulon, Ftoance) 

IFREMER, a French government agency with scientific, industrial, and commercial 
roles, directs, funds, and promotes ocean research and development The agency 
often develops system concepts, then works with industry to build the system and 
evaluate its operation. The Toulon facility is focused on die operation of many of the 
developed systems. The Brest facility, however, has established an acoustics 
development laboratory. The following applications were mentioned, although few 
details were gathered during this visit: (1) acoustic data transmission; (2) acoustic 
determination of seabed characteristics; (3) development of very low frequency 
transducers; and (4) array processing (acoustic tomography). 

Further information is readily available by contacting the Brest laboratory. 
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the institutes. The users defined in the tables are those implied by die researchers 
during die visits. 


As with any effort such as this, there are undoubtedly omissions wdi rmtakes, 

possible, however, to draw some conclusions regarding perceptions of trends in 
technology and the interests of die or gan i sa tions vis 



Ecological and environmental applications are a primary area under consideration 
for applying existing and new technology. Current awareness and concern for 
environmental issues in Itusiris arid Ukraine was apparent in several visits. The 
•xiVuonznont tsseon w « 

of technology and industry on die environment, and a number of other issues were 
discussed. 



Low Cost Systems. It was dear during the 
Western Europe that the cost of technology was a 




be produced in ths 



in both the FSU and in 
considered in fisttife 
were of interest to all. 
new techniques and hardware 
case for existing 
and Ukraine there was a 
Actual costing of 
nonexistent. The proposed 
to die current 


pricing structure outside of d» FSU. Nevertheless, die cost of a system was 
recopused as of primary concern. In Europe, die Marconi ODAS system 
development efforts focus on a low price tag. , 


Long Ehdkawnos. As is shown in the previous tables, some transponder systems 
have quoted endurances of multiple years. In some of the institutes visited, projects 
were directed at increasing the endurance of other autonomous instrumentation. In 
Europe, the Autosub program seeks 7,000 km transits; the French have focused some 
of their work on long range systems. Endurance is an important design 
consideration for acoustic transponders and other instrumentation under 
development. 


D. Hehaid BUdbeig 


105 


Ttiste&8 

A Summary of AppUestkm Fooui and Umt Community 


| SYSTEM 

UKS/USEROGMMURnT 

OMMXMIONB INVOLVED HI 

Acoustic Arrays 

Ofl and Gas 

Science 

Maritime 


Transponders 

Instrumentation 
Various Applications 

And, Shir, Kor, BuO I 

Transducers 

Instrumentation 
Various Applications 

Shir, Kor, UDI, IFRB, Pel, (Kiev?) 1 

Sonar Imaging Systems 

Ofl and Gas 
Medical 

Seabed Characterisation 

And, NO, Kor, HW, TriT, Res, 1 

UDI, Marc 1 

Communication Systems 

Maritime Ofl and Gas 

GPI, And, Kor, HW, Marc, IFRE jj 

Position / Navigation 

Maritime 

And, Shir, St.PU p BuO, HW. Kor 

Parametric Sonar 

Ofl and Gas 
Science 

And 

Acoustic Releases 

Science 


Acoustic Current Meters 

Oceanographic Community 

MH^ Kor I 

ADCP Systems 

Science • Oceanographic 

Research 

Maritime 

LAP | 


* Kor = Oceanpribor (gorvet Qcoanpriboi) 


Higher Resolution. Several institutions focused on higher resolution acoustic 
information. In Europe, interest in higher resolution sonar imaging systems is very 
visible. At Strathclyde University, MTD is funding ait effort to develop more accurate 
position data for undersea tasks. In Russia and Ukraine, the term "super resolution" 
acoustic data was emphasized. Improvements to existing technology are clearly 
focused on increasing the resolution of acoustic systems either with new hardware 
techniques or with advanced sonar signal processing and high-speed algorithms. 

Efficient Sonar Signal Processing. Computer hardware available to researchers in 
Russia and Ukraine has been limited. Researchers have had to understand clearly 
the problems they encountered, adjusting their techniques to optimize the 
processing that had to be accomplished. This has led to development of new 
methods for processing acoustic data that seem to be more efficient than those in 
the United States and other countries. 
















Sonar Sbnnletkm Oft and Gas Shir, HW, Kor 

Maritime 

Science 



Although all 
gleaned from 



of 

discussions, 


were not met, many insights 
summarizedbelow. 


Relative Level of Technology 



In Western Europalhe technology dwteoptrtena s«Tsiy sw™ eSm in 

tm United StateT-Stane oi the sonsr Imaging systems an mot. nteiwUna «»n 
unite memdeotund in the United States due to price/perfocmance issues. 
However, the situation is different in Russia and Ukraine. 
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Understanding of Basic Theory. The researchers participating in the discussions 
wer ® d ® * “*£ a ™® of principles of the technology with which they were 

involved The limitation of computer capability and the need for efficient problem 
solutions may have forced this need for in-depth basic understanding. The situation 
in the United States is clearly different, where computer capability and die cost of 
people may force development to proceed along different lines, where an 

engineering solution may be more important than reaching a total understanding of 
all aspects of a problem. 

Application Ideas. New applications are under consideration by researchers in 
Russia and Ukraine. Some of these ideas had not been considered in die United 
States, at least within the circles represented by the members of the WTEC team. 
It may well be that the new freedom to consider research directions has allowed 
researchers to consider novel applications of technology. It may also be that having 
to compete in a world marketplace demands new products and ideas. 

hnpJementadon Software and Implementation Hardware. Research in Russia and 
Ukraine has been undertaken in an environment with limited computer hardware 
capability. However, this limitation has probably resulted in an emphasis on efficient 
algorithms and highly capable microprogramming in the development of Russian 


Maturity of Applications. Although Russia and Ukraine have explored applications 
of technology that are interesting and novel, the actual maturity of those applications 
is not clear. Many of the technological concepts discussed were in their conceptual 
stages only. With limited financial resources, it is unclear just how many of those 
applications will come to fruition. 

Infrastructure. The changes in the FSU have had a strong impact on the technology 
infrastructure. Communications among various groups is unclear. Also, the method 
for moving from concept to final prototype was controlled very completely in the 
past; the resources needed to accomplish a development effort were planned and 
in place. It seems that this is no longer the case. It will take time for a new 
infrastructure to evolve in the present environment. 

PKcehmd Needs 


A number offactora impacting technology development in the FSU were apparent 
during the WTEC team’s visits and discussions in Russia and Ukraine. These are not 
necessarily related to technology development, but are rather important to the 
process used to develop technology. The following sections identify some of those 


team’* hosts in 


l+i ih(»! 1 


host suit their 


:*Uii fit 


| »> , fc :s; 


) ii r* ■ i { * * ■ 


SSJbSS- * conducJtrtll-- oountd*. and bu *^““ 

i^S«rnotw«Uund««oodlnfl»FSU. Thrt lack rfundetami^ mart £ 
dealt with if products, application concept*, end technical capability are to be 
maArmtrnA in the WsStSTO COUHttiaS. 

_ . ~ nn ffai yitand Technology Oa&d*of&* FSU. Insoroa ofthe institutions, U was 

^a!!rAailndhridiiale tew MtrteoC technical <jeertop*na«li fa t ho Unbed Strteart id 

other countries. Forthamortpa*l»w**r.th.cu^l«irte^ 

outside die FSU was not well understood. Much of^undoub^ytam Urn tad 

SL. fe|MW |^i «d tadirtdu- court*. fctM* 

nndeisrtncBhg increases, the laselot technological deeetaprnent win be more dearly 

understood. 
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SUMMARY AND CONCLUSIONS 

It is impossible to understand just what the most important results of this visit were. 
There were a number of applications of acoustic technology that were both exciting 
to consider and important to advancing the state of die art in this field. Due to 
limited time, it was not possible to truly understand die technical acco mpl is h ments 
of the technologists. Yet, their ideas were intriguing and their concepts novel. More 
should be done to fully understand many of these efforts. 

One question that surfaced repeatedly was how far specific applications had been 
taken. It was not clear, at times, whether a discussion was of a concept not yet 
moved to hardware; a concept for which a prototype had been developed; a 
concept that had been evaluated in a real world setting; or a concept that had 
already advanced to a product. 

It was also unclear, at times, what the future held for specific applications that were 
being discussed. With limited resources and a very dynamic environment, the future 
of an idea is uncertain. Many of the applications discussed could well be moved 
into viable products readily sought after in the world marketplace. Whether they will 
reach the marketplace is not clear. 

It was recognized by many members of the WTEC team that solutions to 
technological problems had been implemented on computer hardware of limited 
capability. Emphasis was placed on efficient algorithms and clearly understanding 
the principles of the problem. Many in the West can remember how their first efforts 
at applying microcomputers to instrumentation forced die use of machine languages 
and complex interface programming. This is not unlike what seems to be the norm 
in the FSU. The benefit of this has been that technologists in the FSU developed 
unique solutions to complex programming problems. 

There is a genuine desire for cooperation and collaboration. On one hand, this is 
obvious since funding and equipment resources are lacking. More importantly, 
however, is the perception that technologists in Russia and Ukraine truly believe that 
cooperation and collaboration will bring new insights and further advance their 
technological interests. The individuals involved in the visits were very talented 
technical people. Much would be benefitted by die synergism that results from true 
cooperation. 

An interesting factor recognized during many discussions was that the current 
environment in Russia and Ukraine allows technologists die freedom to choose their 
own research directions. This has not been possible in the past since resources 
were directed at specific projects planned outside of the various institutions. It is 
clear that this change will allow researchers to consider new directions not possible 
in the past. 
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f|yi yg g p nhflhly fdrttUS filSt StflM of V UltS) but should, IQOHt CBltsirfy* 

be corrected during there is much to leam in the FSU regarding 

ecoustic applications. Learning is always a Ana process that fellows a teas than 
straightforward path. Fixture visits should allow time for technical discussions with 
the actual professionals involved in moving applications from concept to reality. 
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CHAPTER 7 


Systems Engineering and Integration 


Larry L. Gentry 


INTRODUCTION 

Systems engineering and integration (SE&I) is the discipline that brings together 
technologies and hardware/software into an efficient product to satisfy operational 
needs. As such, it is an appropriate wrap-up of die foregoing chapters that have 
described the state of practice relating to underwater vehicles (UVis) and related 
subsystems and technologies. For the following discussion, SE&I is separated into 
four main topics that describe the prodess from emerging technologies through 
development of the overall system and finally to mission operations. In each of these 
topics the methodology and general state of practice are described where they 
could be observed, and unique features are presented. Where possible, 
comparisons and contrasts are drawn between the approaches employed in Western 
Europe, tire former Soviet Union (FSU) and the United States. Value judgements of 
"better* or "best" are not appropriate in this comparison since both tire West and the 
countries of the FSU have been successful in meeting their objectives in the 
development of subsea systems and technologies. 

Numerous factors have conspired to limit the validity and scope of the team’s 
understanding of how SE&I is practiced aft the many locations visited. This is 
particularly the case in Russia and Ukraine, but is also true to a lesser degree in 
Western Europe. These factors include the lack of time at each site; the lack of 
common understanding of SE&I; the necessity for splitting into teams, so that the 
author of each topic in this report had to rely on data acquired by others on the 
panel; and the unevenness of the visits. Some of the visits focused on real hardware 
and others on general discussions. Some meetings were strongly orchestrated by 



112 


System EnginMui&cf i«h fet^gritten 


the hosts, with little freedom for interchange. This was not due to the hosts’ lack of 
openness as much as their uncertainty about the team’s Interests and the language 
barriers. The result is that very often perc ept i on s were obtained, rather than solid 
evidence and facts. Consequently, the following discussions are more a starting 
point than a closed set of conclusions. 



and test process, In more complex systems, where larger teams of engineers are 
required and a broad range of advanced technologies are employed, the process 
Is more formal and rigorous and often reqtdrss a separate systems engineering 
organisation. In all cases ft is the process diet defines and controls the various 
technologies and dhKdp&Me that are requhed, and foe interfaces that enable the 
sub systems and functions to work effectively together. Ultimately, the SE&I process 
must identify and resolve all conflicts and interferences that might otherwise render 
the system ineffective. 


SE&I, which has evolved primarily in the United States, has become an hnpertant 
part ofthe development process. This is especially the case in projects conducted 
by wad for the UJSi Government, although SE&I is pervasive in the marine and 
o&hora industries. Part of the reason SE&I has become a major emphasis in the 
United States is due to the fallowing: 


subsea SHSvirownent, and a consequent trend toward unmanned 


Increased cost of insurance and hiHpden 


o Significantly in creaea d labor and material costs 

o A preoccupation with high technology and a desire to include the very latest 

and very best in each new system 

The result has bean somethftia of a “Csteh 22." As the United States moves toward 


and tmwdWmPincM and maintenance coats, 
for more efficiency in foe UV systems and foe 
era developed. The result is a spiralling of high 
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C050, ■“* tow-consuming engineering refinement and 
opurrizafion. B is not uncoranon (or development of a new W to cost from tens to 
era nhund reda of mUliona °t d°Uar», and to take four years or more to it r..Hy 

f°r °peraa°n a. In some cases, due to rapidly changing economica, nolidca. and 
technologies, the need for the syatem antVor the technology base may be obsolete 
befor e the system is ready for use. SE&I has become one ot the Lin ways of 
seeking improved development efficiency and lowered costs. 

Eady on, the WFEC panel decided thtt to obtain an end-t<xnd perspective of 
u^wwater vehicle capaMWee, SEU had to be included in the teSmology 
°! P ®: Ru ““- “ d “*»*••. fbe topic is divided into four phases of 

hn Si. 09 'i ^toon. system deaj^i and development, assembly and test, and 
field test The following sectjons describe the methodologies and provide an 
assessment of the tools and support systems that are available. 


TECHNOLOGY 1 EVOLUTION 

, tha tapet f «to»nced research and development in undemea 
tech nologies has come from a mature of foe military, industry, and science sectors. 
The military sector has most often been the initiating source, with industry and 
academia adopting and refining the resulting advances for lower-cost applications 
in commerce and research. This is very much the same in Western Europe 
althou* foe strength of the North Sea ofi and gas industry has resulted in ttai 
commercial sector being a stronger initiator of new technologies than is the case in 
fojrUrufod States. In the FSU, howmmr, the foderal firndi^ocmm , E5 

heavily toward military needs: only recently has the process of conversion to the civil 

^ *V tlatL This process has been made extremely 
: fte ,;, brea toP fcato Vnion and by foe numerous and often 

“^ tove institutes that are in place. The Soviet Academy of Science no longer 

iSr® 1 ” 8 * “ftonee and independent research institutes within each 

country of the FSU are now forced to compete for ftmding and direction from other 

source* ItshouM be noted that numerous and very capable test facilities developed 
under fo e Soviet government am mill available in many of the institute, for use by 
enttttes outside foe FSU. Table 7.1 Hsta and summaries foe primary activities of the 
__j Tflr _.*? P ® research institutes that file team visited in Western Europe, Russia, 

tou^hFT' ^° r descnption8 - 8ee reports in Appendices B 


^ pe J eraploy8 approach and tools as does 

State ®[ or advanced research and development Work stations and high 
« *5^ ^ co — onai systems allow a heavy emphasis on analysis and simulation, 
and a concerted effort to develop autonomous systems and smart sensors (see LIFIA 
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and Heriot-Watt University site reports in Appendices D and E, respectively) One 
strong point in the European programs is their ability to focus advanced research 
across a number of countries. This has been accomplished through the Marine 
Science and Technology (MAST) programs, which have established European joint 
research objectives and fonded cooperative activities at institutes and organisations 
in each country. MAST n, a ten-year program in oceanographic research and 
fijnds 9X16/01 linkB together such programs as AMADEUS and Autosub 
in the U.E. and others across Europe. These programs will develop technologies, 
sensors, and underwater vehicles to do work and research in the deep ocean as 
weU as in shallow, near-shore areas (see Heriot-Watt University, INRIA, IFREMER, 
and Deacon Laboratory site reports in Appendices D and E). The U.S. programs, 
bycompanson, are more independent, with each research and development entity 
settog its own objectives and seeking separate funding. In this time of limited 
fonding m the United States, an approach like that of MAST may be helpful in 
achieving national objectives for ocean research and development. 

RuNrian and Ukrainian Pkograzna 

Since the collapse of the Soviet Union, each state in the Confederation of 
Independent State s (CI S) independently conducts its own programs in undersea 
technology. The WTEC team visited only Russia and Ukraine, but found many 
similarities m how their scientists conduct research and development for advanced 
marine and undersea technology. Research and development in Russia and Ukraine 
are characterized by strong theoretical work. The fundamental processes and 
mathematical models are well understood and emphasized. On the other hand, the 
lack of high capacity computational platforms limits the analytical work necessary 
to validate the theory. Hence simulation and analysis are performed at a level that 
can be supported on IBM or equivalent PCs (see Andreev Institute and Dubna site 
report s m A ppendix B). IBM 386 and, very recently, a few 486 machines were the 
only computers observed or mentioned at the various institutes; in fact, the need for 
better computers and software was frequently mentioned. The result seems to be 
teat research and development is taken to the laboratory and the field much sooner 

faan is generally the case in the West Thus, much of the scientific verification is 
done empirically. 

Under the previous Soviet system, the relatively low cost of labor and materials 
compared to the West led to a proliferation of very capable and often similar test 
facilities throughout the Academy of Science organizations. The low labor costs also 
resulted in large staffs of qualified scientists at many of the institutions. Populations 
ranging from 8,000 to 28,000 people have not been uncommon in the past Presently 
however, large reductions in the numbers of scientists and support personnel are 
occurring at most of the institutions due to lack of funding. Unless funding is 
aapnred soon, the extensive science capabilities in both facilities and people will 
be lost It has been said that major reductions in the CIS military R&D sector are 


largely 


the research 
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have separate thermal 


oroiectiles {see Figwe 7.1) have been obtained ter velocities in excess of 
1 000 m/sec. Theoretical research has been completed for velocities 
approaching Mach 2 (2,700 m/sec). The PkNMj to * 

surrounding cavitation field, axWbit very low drag Ones than the projectile 
would aamerieneeatthe same velocity in air). * 
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Paton Welding Institute in Kiev conducts bade 
welding fer m fliiaiT and dvi 

Electric iB. 

irwtitute Vl^jd - rliffiMte be 

welding tea s ar ch il ttftqtHffi , ceramics , and 



to metals*1^„ 
wekKng,iM|ip| 
demonstrated by bodi 
facil itie s. 


dfasteand automated 


arch in materials and 
(see EO. Paton 
saw little of the 
•fafvart i ad materials and 
The institute’s 
ceramics 
in underwater 
nt This was 
in Paton's test 




.5 Mi 


Many of die engineering andfabticstion sites visited are also involved in applied 
research in su^j^|>fte ^p|CK^ ^^s^^s7^^faE^pe as in die United 

development (rf eomp ettia^ ^^^^^ter v ^ttetes . TWs ie the result of our free 
enterprise society. In Russia iutd^krafrte this infrastructure is lacking, although die 
beginnings can be found .in groups that have separated from the traditional 
institutions and iowoffel products and services diet used to be totally controlled by 
the state. Jis dp and 

price for die reif ^ ^ wci^ ttiete probaWywffl be a%<# by industry and 
academia tows^^«lh^|p jiiftint in thoTTnilt tW l fir srte m y of Science and 
its institutes will will deliver product. Sjfowever, at present 

the institutes are sdll the piWary force in Russte and Ukraine in deciding what 
direction the marine industry will take. 


systems and intejjiiMi Workstation 
software development e nv ir o nmer a r suchas VXwodte are commonplace, and 
implement adv^Sa^t^ simulating systems and 

components, fri short die engineering and manufacturing work places and 
processes are npch like in the United States. 







In die United! 

D ir e c torate sfttt 

•ft 

cc 

of small i _ 

advances in act|biitele' r a«di : jsartogB^lp^- rr^^gjp^>otic», and other 

technologies. 1M endobjectftal s to in te»*te artotesttotete UV ele ments tato 
operating systems. In Fterioe (jmw IFREMER site report in AppendixD), IFREMER 
plays a g overnme nt rble, funding rod coordinating research and development a! five 
different centers, and integrating die products into useful UVs. 
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Tafals 12 

Summary <rf Engineering Sites Visited in Europe, Russia, and Ukraine 


product* and applied research 



Oumn Aflvw / Scotland 



Reeearch Inat / Franc* 


Marconi Underwater System / 
England 


Mobil North Sea Ltd. / Scotland 


Hanna Ooaanice Ltd / Finland 


Reeon Syrian* Ltd / Scotland 


H Hn gaby Engineering Ltd / England 


Ttltaoh International / Scotland 


UDI / Scotland 


U/W high resolution digital array etereo video eyetame and signal 
pr o cess ing ter ROVs 


ROV/AUV development programs; coordinate research at other 
instftntas In Ftanee tdfl., UFIA, INR1A) 


Devdop, integrate, and operate email (torpedo-slse) AUVs (he-. ODAS); 
de t wwe and commer cia l contractor 


and gae er pln ratton and production; fend and direct ROV 
lor tabsM operations 


Shipbuilding end research; bout Mrsubmersibies for ttcm H 


Develop 8BMAT aonara; aooaetic ttaneduoere and arrays 


Develop and integrate oommerolal ROVs ter tee oil industry; develop 
mantypolalQn and ROV components 


Develop toutoost scanning sonare ter ROVb 


hitfi t ss otetfoe mechanical sonars fee ROMs 



Bureau of Ooeanological 
Engineering / Moscow 


Dubna International Centre of RAD 
(TECHNOPOLE) / Dubna 


Enargla Space Finn / Moscow 


teylov Shipbuilding Inst / 
St, Petersburg 


Rhrchatov Inst / Moscow 


Lasarit Central Design 
Burses / Nlahny Novgorod 


Malachite Central Design 
Bureau / St Petersburg 


NHVK Computer Research 
but / M osc o w 


Oeeanpribor / St Petersburg 


Rubin Central Design 
Bureau / St Petersburg 


Design end produce UVs — p rim a ri ly subtne rslbla a (Le., Argus; Osmotr. 
and JtU) 


Acoustic communications, seismic systems, and acoustic tomography 


S * ) * e * *«tep vanned s p ace craft; advanced controls, 


tourist submarines 


robowssajle pfeestge vseseJ^ l ttnctursMe!rigtt* e ^ ,B0 * Ofl,i ** : 



Design snd AbrieeBon of nuclesr reactors ter marine sppilcstions. 
R06SHELF ia latest ptfpfect 


Dasign and tefaricate sttbtrarinee; hbricator far 



Design and fcbrieaie submarines. Manned submersible (Tmtk-H, Rut, 
and tourist submarines) 


Design and build advanced computer systems far defense « ppn^«H™ T 
Produced Russian sup er ootnput e is 


A?ou,<ic PPP W u n lea t louB; sonars end systems; seismic 

devksae; piofdH antenna arrays; navigation and positioning systems, 
XBTs 


Derign and tebricate submarines. Typhoon, Oscar, and AfBcs; 
submarines 
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developers stress a bottoms up factory test approach that tests components, 
subsystems, and finally complete systems. European developers that die WTEC 
team visited employ test methods very similar to those used in die United States. 
Russia and Ukraine differ froth file United States only in file sophistication of test 
equipment in use. In the West, simu l a tion testing is often usedas an overall final 
factory acceptance test. It couples environmental and mission simulation modules 
with system hardware and man in the loop to perform end-to-end functional 
acceptance tests. Simulation testing is most often performed dry, but can also be 
done in suitable wet tanks or pressure chambers, if available. Automated test 
equipment (ATE) is used extensively in the West, and provides a preprogrammed, 
computer-controlled capability for high volume test sequences such as life cycle 
testing and production testing of complicated electronic equipment Simulation and 
automatic testing require more capable computer assets than are generally available 
to most developers in the FSU, hence, file lack of this kind of test activity was 
anticipated. One exception was at Krylov, where advanced automated test facilities 
were observed. In general, very capable test facilities are available in both Europe 
and the FSU for the type of applications and vehicles that are in use. Tables 7.3a 
and 7.3b summarize the test activities and facilities that were observed or described 
to the panel. Some of the more unique facilities are discussed in the following 
paragraphs. 


In both the United Kingdom and France there are very capable physical and 
functional test facilities in use. Simulation laboratories and automated test equipment 
were observed (see Heriot-Watt University, LIFIA, and Marine Technology 
Directorate site reports in Appendices D and E); they are used to test systems and 
components for underwater vehicles. 

Pressure chambers of various sizes and depth capabilities are available in Europe. 
The most impressive was found at Slingsby Engineering Ltd. Slingsby has a 3 m 
diameter horizontal chamber (see Figure 7.2) with a unique, half-cylinder support 
carriage that allows for entry of test articles nearly the size of the full diameter of the 
chamber. In this manner, the company can functionally test even its largest ROVs 
to depths of 7,800 feet. Large chambers capable of testing complete vehicles to full 
ocean depth (6,000 m or more) were not found, but may be available at other 
locations. Handouts at Rauma Oceanjcs in Finland listed a reasonably large (2.5 m 
diameter) chamber good to 7,800 m, but the team was not allowed to tour any of the 
company’s facilities. 
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Test Fadtttias Observed 


Table 7^b 
or Available in E 


Europe, Russia, and Ukraina (2) 



UNIQUE FEATURE* 


OCBMOTMOR; St. Pstesburg 


1. 

Aoocrtc Teat Buta 

BOmx Mmx 10 m 

testing of Active and Passive 



ftaq. 03 to 000 Mb 

Acoustic Fyyftyfrtf 

m 

Pr— urn Tact C Un. 
(9) 

VMoaa Sbaa and * 
Daptha to 3/100 m 

Aeooattc Tmfcaducar Taafag 


Ninn^ INSTITUTE OF COMPUTER &QENCE; Moscow 


I. Sopar Compote 

Fac&ttfc* 


INSTITUYfe OP APPLIED PHYSICS; NUny Novgorod 


touted flute Birin 



VfipMfl Precasting ind flraulation 
fa*ladsr «nd Acourile Dili 



HYDROftXBCHANlCS INSTITUTE; JOtr 


Tow Birin 
Tow Birin dOraxBr 

HWt Velocity Tunnel j 70 m long 
Fluid Flow Tori Steid 


IFREMER; Brest A Toulon 


I40ntx3mx Urn 
30rax8mx3m 



Thwmrily Layered Flute farASW 
Ttetaq ^Ustog Uitr and Radar 


High Speed (29 m't) Carriage 
Wind and Viva Generation 
Midi I Piqfeetfla Taai 
Fluid Dynamics 


Operational 

Opirational 


Operational 


Operational 


Operational 
But lnacthra 



Wave Tank/Tow Basin 

90 rax 1245 mx 20 m 


Hyperbaric tasting 


Multiple Chambers; Pressures up 

complex 


to 2400 Ban 

Robotics research lab. 


Tests Manipulators A Autonomous 

»-i ^ 

nODOuCS 


PATCH ELECTRIC WELDING INSTITUTE; Kiev 


I. Malarial* A Wridtng World Oast Tari 

Tari Facfitei Equipment 


Opaxatlonal 

Oparational 

Operational 


Wridtngol Matte to Non-MataDIca Not Observed 



U/W Welding Tari 
Farllltlaa 


Pressure Otars far 
Diver and Automatad 
Wekflng 


Gaa-Fiaa, Flux Cora ROD U/W 
Welding 


Demonstrated 






















Figure 7.2. Pi— bib Test Facfflty at SBnqaby 



Th# rh*** 1 on testing in the FSUiias led to e plethora of very cepable test 
fedHtiesforboth ocean rosearchand ctevelopmenttest of m 

these two countries. The most unique were deeriy found at l^ov Sh^bufldmg 
Institute in St Petersburg (see Krylov Shipbuilding Institute site report 
Appendix B). Krylov is Russia's equivalent to titeDavid Taylor Research Center 
(DTRG) et Carderock, Maryland. In 
arid to rainy wayililiriit io OTtCs. 

pressure test chambers are truly world class. Krylov's largest diamber “ 3 

in diameter and capable of testing to 1,000 atmospheres (liMO psi or > 33,000 ft). 
The slkditiy smaller chamber (1.8 m diameter) is rated at 1,800 atmospheres, which 
is wellbeyond full ocean depth. Krylov is unique in the FSU in that it has computer 
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controlled test facilities. The structural test facility {see Figure 7.3) can life cycle test 
full-sized ship panels by hydraulically applying simulated loads in numerous 
positions at temperatures down to -110 °C and measuring up to 3,000 data points to 
monitor fatigue and cracking. 



Houie 7.3. Structural Facility at Krylov 


Other test facilities observed in Russia and Ukraine, while not as impressive as those 
at Krylov, were still very capable arid have been used extensively in developing 
advanced marine technologies. As summarized in Table* 7.3a and 7.3b, acoustic, 
hydrodynamic, and pressure test facilities were found at many institutes and were 
adequate for both research and component development However, die only facility 
that appeared to be large enough to test a complete manned submersible hull was 




the ledttty at Krylov, 
data acquisition equij 


controls, automate d teat equipment, and modem 
i not observed at any of die other Wat facilities . 
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Tabte 7.4 

Ffeld Test and Demoratnttan CaptbflitiM 



HEWOT-WATT 


I. Acoustic TM 


ANDREEV INSTITUTE; 


1 . 


Acoustic Research in 
Fbth of Forth for Sonar 
end Corwn ui i ta sttoris 


RssMkns Acoustic Wm bs Operational 

R esea rch ton Range This Fall 

16 Labora to ry 


3 as. 9 10,000 Tons I Cotritoted for Aoonto I Not Oparatkig at 



PHTOCS INSTITUTE; 


PWd Tasting in Arctic HaUeoptars and Ship 
and Padile Platform* 

Long Hangs Acoustic 

tawfcig Facility Plans Joseph Land 


Lasair and Atomstto 

Not OpmtSncr at 

Research kfOcsan 

Pnfcnt 

Processes tor ASWf 


Acoustic Tomography 
Testfep farOobal 

To Bo InataOod 

Obnate Study 



PJ». SHBtSHOV INSTITUTE: Moscow 



Research Strips 

10 aa. up to 10,000 

Conflguiedfar 


Tons; Baltic, Stock See 

Oondlflte Htnndi 


and Far Bast , : 

ASutostafcleOPS 

TIM Laboratory on 

Located at Qhatondririfc 

BcbamtibU fast 

ISobM 

; v.. 

Range For AM and 


OCBANPRBOR; St. Peter sbu rg 


1. Acoustic Test Range Tost Hangs on Lake tor 

Acoustic/Bonar System 
Msasuiemant 


Kara a Non-Self- 
PiopaBod 
I lyrtmli bonUoty 


Status Unknown 


Operational, but not 
Observed 



Rara arch Ships 

3 aa. •Oeaangoing 
3 aa. -BlackSee 

Located atOdasaaand 
OcaanoQiaphy and 



MARECOPHOM; Sevastopol 


Rsseaich Strips 


Research 


2 as. ® 3*80 Tone 

1 as. 9 3,480 Tons 

2 ea. 9 1*80 Tons 

3 aa. 9 1*30 Tons 

2 aa. Aanfhce-300 


AriPPOit tor Dtrtng and Operational But In 
Submersible ffr s rall o ns Need of Maintenance 
tor 10 Manned Vaftldas 


DMnp and 


Operational 
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European passenger transportation Until other funds become available. The 
perammel at Mariecoprom (see Mariecoprom site report in Appendix C) were 
anxious for partners in research in the Black Sea or anywhere the partner desires. 
The /fchtwndr and Sever-# folly crewed, would lease for about $800/day. Even with 
fuel and provisions as extra, this is a very low cost 


SUMMfigrJlND CONCLUSIONS 
Europe 

Underwater vehicles and marine technologies are very important to the European 
countries visited. This is evidenced by government sponsored and funded programs 
such as the Marine Technology Directorate program sponsored by the United 
Kingdom’s Science and Engineering Research Council and France’s EFREMER 
program. There is also a European-wide focus through the Marine Science and 
Technology program. European marine technology and UV activities are well 
planned and focused, and funding, though never enough, is adequate. The bottom 
line is that the Europeans are making good progress in developing AUVs toward 
some very useful national and regional objectives in ocean research. Good work is 
also in progress toward development of ROVs for the offshore ofl industry. 

The organizations involved in UV development and marine research are just as well 
equipped for research, engineering, and overall system integration. Their computer 
equipment and test facilities are as modem and capable as any in foe United States. 


To summarize: 

o Labor and materials are still inexpensive. This has led in the past to an 
emphasis on manned UVs rather than unmanned units because it is easier to 
integrate, maintain, and use the low-cost labor to good effect This trend will 
probably continue into the near future until foe industrial sector in these 
countries begins to mature and costs drive them toward unmanned systems. 
In the West, foe high cost of labor and the risk of litigation and insurance 
penalties have driven the United States toward unmanned solutions. 
However, the same cost of labor has made sophistication and high technology 
expensive. The United States has improved performance and minimized 
man-dependency, but in some cases has violated the basic rules of "keep it 
simple" and "sufficient is good enough." U.S. researchers are too often 
enamored of the whiz-bang solution rather than foe simplest solution. 


r ♦> ■ *- it 


Researchers in Russia and Ukraine ham baan vary creative in sppUad 
research, and have many accomp Mi^ 

ecoustks tomography, nonacoustic ASW, high-speed underwater projectiles, 
and development for dm marine environment. 
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CHAPTER 8 


Navigation, Communication, Automation, 

and Control 

Mbhtol J. Lee 


INTRODUCTION 

Navigation, COTununication, automation, and control are important technolo gies in 

TOl ?cles. Thea bilit y to navigate and control a vehicle is essentialto all 
underwater vehicle activities. Automation and .communication are enabling 
technologies that are prerequisites for advanced capabilities, such as autonomous 
operation and remotely controlled work environments. Basic capabilities allow 
vehicles to be used as observation platforms. Higher level capabilities allow for use 
£££?**■ 2 ™ sions ** are oriented more tcwrerdsexperimentation and 
Communication technology enables remotely operated vehicles, 
remote observation, and/or experimentation platforms, and also die ability to extend 
die number of people who are involved in and interact with an underwater activity. 
Automation provides two functions. First of all, automation can take tasks that are 
tedious and require a lot of manpower and accomplish or help accomplish these 
tasks using a machine or a computer. This allows more tasks to be accomplished 

manpower * fondly, some tasks can be done more 
effidtentiy (that is, fester, more accurately, and more repeatebly) by an automated 

system than manually. This allows objectives to be accomplished that otherwise 
could not be achieved 

The WTEC team looked at the application of automation and control technologies 
m the research and development laboratories as well as in underwater systems. 
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Ctountry-by^fountry towimant 

Russia and Ukraine. Several institutions in Russia and Ukraine are working on the 
development of transponders for subsea navigation. At die Andreev Institute there 
are several projects developing this technology (see Andreev Institute site repeal - 
Appendix B). The scientists’ focus bbif extending the duration of the transponders. 
This can be accomplished by increasing; the efficiency of the power transfer from 
electrical energy to acoustical energy, ft can also be accomplished by putting the 
transponder to sleep, waking it up only when power is needed. Another method is 
to focus on failure modes and to increase toe mean time between failure of the 
transponder. Oceanpribor is developing low, medium, and high power transponders. 
A test facility is used there to test transponders and navigation systems. The 
company has developed long, short, and ultrashort baseline navigation systems, 
some of which have capabilities similar to the Honeywell and Simrad systems (see 
Oceanpribor site report - Appendix B). The Bureau of Oceanological Engineering 
is developing transponders for two systems: a long baseline system and an 
ultrashort baseline system (see Bureau of Oceanological Engineering site report - 
Appendix B). St Petersburg State University has been working on ultrashad 
baseline underwater tracking systems and toe corresponding tranSponders (see St 
Petersburg State University site repeat - Appendix B). Transponder design (for 
navigation, communication, and sensing) is an area that was described to toe WTEC 
team as an area of strength in toe FSU. Russia and Ukraine have impressive test 
facili t ies and a large experience base to offer in this area, r 

The Andreev Institute is working on bottom referenced navigation (see Andreev 
Institute site report - Appendix B). This includes correlation sonar and multibeam 
sonar. These systems use multibeam transmitters to insonify a large area and then 
correlate the response with a reference image. Another system under development 
uses a multibeam receiver to track toe position of a remote transponder. 

At the Bauman Institute in Moscow, there is a research program to develop a low 
drift integrated inertial navigation system based on some very high accuracy 
accelerometers (see Bauman site report * Appendix B). ’• 

Fiance. In France, several programs ire focused on using locally sensed data in the 
navigation system of an undersea, or any robotic, vehicle. At UFIA, in Grenoble, the 
French are using a multibeam sonar to sense the local environment (see LIFIA site 
report - Appendix D). This data is then matched to a world model. The position of 
toe vehicle, as well as any new obstacles, can be determined from this data. A path 
on how to proceed to toe objective can then be calculated. Figure 8.1 shows toe 
output of the user interface showing toe vehicle and toe position that it has 
calculated with respect to the walls of the laboratory. 






Figure 8.1. 2-D Local World Model and Vehiole From LIFIA System 

IFBQffiR ind |NKA am wudi^i on the urn ofvidpQ In navigation (poo IFKEMER 
aoci MRA site report* flimsmlli D) They use an image from a video camera to 
determine the position of a mifefe misiive tp a wellhead. they then uao the aignal 
to guide the vehicle to reenter die well. IFREMER has been involved in subsea 

navigation systems of various types for several yeare. 


IMfrdMmgc tent 

suchman-ntade 


There are aoveral projects in the UX that locus on navigation in 
structure* pa oilrige or rmriti r poteer ptente (see Marine 




sonar image with the expected image, which is calculated by 
simulating the projection of sonar on the GAD drawing. The information is used to 
determine e most likely position within the structure of the vehicle. Then this 
position is used to navigate the vehicle. 
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For newer vehicles, navigation systems are acquired internationally so that their 
performance is not limited to regional or national capabilities. Two vehicles that 
have been used extensively by the worldwide scientific community are the two Afir 
submersibles that were designed and built far Finland by Rauxna Oceanics. The 
navigation and communications equipment onboard the Mr submersibles is built in 
Finland by a Rauma subcontractor (see Rauma site report - Appendix F). 

In the area of navigation, research programs in the FSU, Western Europe, and the 
United States all use similar technologies (Figure 8.2). In Russia and Ukraine, there 
are: (1) a large number of engineers who are trained and working in this area; (2) 
an infrastructure for the development, testing, and evaluation of navigation 
technologies; and (3) a focus on the dev elop ment of hardware, on the development 
of algorithms, and on testing and evaluating navigation technologies. 


Table 8.1 

AvaUabittty of Navigation Technologies 



Russia & 
Ukraine 

Western 

Europe 

United 

States 

Long Baseline Acoustic Navigation 

C 

C 

C 

Short Baseline Acoustic Navigation 

C 

C 

C 

Ultrashort Baseline Acoustic 
Navigation 

C 

C 

C 

Correlation Sonar 

A 

A 

A 

Integrated GPS - Acoustic 

A 

A 

A 

Inertial - Dead Reckoning , 

a . 

A 

A 

Video Navigation 


R 

R 


Kay: C = Comntonly avaflaMa htaalaoea ROY snbmeniblM 

A = Available / under demlopmot 
R » Research 
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Navigation, Cammawtnartoa, Antomation, and Control 



an alao niod tn interconnect benthic and midwater instrumentation to die remote 
control and data acquisition systems. 





interest in Russia and in participating in fee Wlow-on prefects to the Heard 

Mi nd Experiment of 1991. This test demonstrated the ability to communicate sound 
'very long distances around the world through die sound channel. 

many of the conununlcetfon projects that were befog worked on are still 
were not able to provide in-depth information on the current state 
arch. 



are 


systems Andreev Institute is working on communication from a drill head to the 
surface control vessel. Scientists at the institute^wo ^ d^lto to be abl^^taickand 



(see Andreev Institute site report). Communication between aub men ib tog end 
r urfe m vehicles is also an area of research. In a d d i t i on - to d at a and control, 


links (see Oceanpribor site report). 

There is a general feeling in die institutes that die team visited that they have a 

». Scientists at 



i, so they 

have compensated for this by developing very efficient algorithms. Also, many 
researchers seem to be involved in die development and theory of algorithms (see 
Table 8.2). 
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Table &2 

Algorithm Development 


Strength* 


Limited speed and memory in computer platforms forced 
developers to focia on efficie nt algorithms. 

Large number of engineers and scientists are trained and 
have been working in algorithm development 

Algorithm development has been a priority due to military 
applications. 

Limitations ~~~ 


Many of the theoretical concepts have not been tested. 


Computer capability to stimulate algorithms is limited. 


Effects of tradeoffs between maintainability and efficiency 
of code have not been evaluated. 


Fiber optic communication systems seem to be an available technology (see 
Dubna/TECHNOPOLE and Energia site reports - Appendix B). These systems are 
used to link offshore surveillance systems to the land. The team did not see any 
fiber optic communication tethered to remotely operated vehicles. 

In th e General Physics Institute, a unique communication system was described (see 
General Physics Institute site report - Appendix B). This system is designed to 
communicate between submarines and aircraft The aerial platform would use a 
very high power, modulated laser directed at a very small area of the sea surface. 
The power output of the laser would be highenough to create mechanical surface 
roughness variations that could be picked lip by a sonar, decoding the signal by 
using signature analysis techniques. The submarine would use an upward directed, 
very high frequency sound source to create similar roughness on the sea surface! 
This surface roughness variation would be detected by a high frequency 
cross-polarized radar (Figure 8.2). 

France. IFREMER has developed the 1£VA acoustic modem system and operated 
it for the last five years (see IFREMER site report). TWA is a 20 kbaud 
communication link that passes both data and compressed video between a 
submersible and a support vessel. Thip system has been transferred to a 
commercial company and is now available for sale. 





Figure 8.2. Atmosphere - 
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United Kingdom. EEVMAC is a European Community supported project to develop 
underwater communication technology. One of the goals is the development of high 
data rate communication systems for AUVs, EEVMAC is developing a very large 
acoustic communications test range in the Firth of Forth. This range will be fully 
instrumented so that the data can be evaluated in real time in the laboratories (see 
Heriot-Watt University site repent * Appendix E). 

ConaturioN 

Communications technologies and research programs are generally consistent 
across Russia and Ukraine, Western Europe, and the United States. The main focus 
seems to have been on communication with submarines, which has provided spin-off 
technology that is now being made available to the nonmilitary community. 
Communication tools are generally available to research and development programs 
in each of the countries. The current push is for longer range, higher speed, and 
more robustness. 

Communication is an area where the focus on simple efficient algorithms, which we 
have seen in Russia and Ukraine, may pay off Researchers in theFSU have focused 
on algorithm development and less computationally intensive solutions. Techniques 
using these algorithms could have advantages over other techniques used in 
Western countries. 


AUTOMATION AND CONTROL 
fatroduction 

Automation and control are important technologies for underwater vehicles. 
Automation can pertain to a range of capabilities, from simple systems that assist the 
operators in performing only basic tasks to folly autonomous systems which are 

c^bleofgoingtoseawithlitteOTitooOiiiimiriieationandpMforrningatask. With 
basic levels of control technology, a vehicle can be an effective observational 
platform. To use underwater vehicles for manipulative and experimental func tion s, 
the vehicle and its instrumentation need to have a more advanced level of control. 
Advanced vehicles that are capable of autonomous or semiautonomous functions 
need a fairly sophisticated controller because they need to be able to sense and 
respond to their environment If properly applied, higher levels of automation and 
control in vehicles are useful because they increase the safety and effectiveness of 
the vehicle, allow the vehicle to function in ways that would not be possible if it were 
not automated, and provide a more cost-effective solution to accomplishing a task. 




Another vehid to that 
vehicle, the MTS88, 
caoabflitv to dhw. execute 



designed 
*y, and return 


autonomous unmanned 
This vehicle has the 
control. 


Some of the potential causes for the lack of automation in Russia and Ukraine are 
l y.fr of access to computers, the reliability of foe electronics, and the relative cost 
of labor versus capital there. 


Most of foe facilities that the team observed in Russia and Ukraine have almost no 
•Hie f aci l ity foot seamed foe mod automated was the Krylov 




. Appendix B). figure QA is* picture of one oi tnepieuupa w»x 

foiandi rndfola pressure cycles, and can monitor foe deformation of- foe test 
in real time. The separate structural fatigue test facilities at Krylov 
automatically sequence 96 channels and measure 3,000 data points. 

Ccayut m mi ' 0 ttwm toa)M *m id»ntift.d bM r» na 

In FM«nd Otomd the eompm^i 
m^gb^ii iiiiiiiliii sjritrl diirign and afandadon teoflities to foe team. That 
company’s scientists expressed foe view that this capability is one of the major 
strengths that they bring to the underwater vehicle field. 
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autonomously visualize, plan, and control manipulative taa ka wife 
operator involvement 


a minimum of 


A the Bauman Institute, scientists are working on manipulators and manipulator 

control. They are working on high positional accuracy (0.1 mm) manipulator control 

S ? e Ba r ian u Site report ^ Their control systems are consistent with other 

^ ** 1)81161 8aw Bussia Ukraine that use joystick input to 
control either rate or force on a manipulator aria. 


^®, We f 8ter ? Eur ?? e8n Programs there is a significant focus on architectures for 

0081 *** pt °0 r8,n8 8eeras to be to find 

methodologies that provide structures for data transfer within the vehicle system, and 

that provide clean, maintainable software that can function at increasingly higher 
levels of autonomy (see INRIA site report). 

workin 0 on automatic generation of software for vehicle 
control (see INRIA site report). They have an automated robot design system to let 

mecl f nical colouration of a robotic system using 
^ ' hen “ton* too configuration from the CAD to an 

automated software design system. The system is configured by spedfying modules 

such as data sources and control filters. These modules are then connected 
SSST by fato paths. C code is then generated that will run in a specified 

enViram,ent -d. h ^nutated H^-by-Un. „d .he 


^T Il b a E ur °p« m Communtty program including two project, misting ,o AUVs. 

^L^ Mad System. Rssasrch for Unmanned Autonomous 

™doles, u being coordinated by Deacon Laboratory in the United Kingdom. 
Deacon Laboratoty is also coordinating Autoeub, a Ui-fonded program stood at 
developing vehicles that can autonomously make transoceanic crossings and gather 
^a and samples. This program is pushing the technology in long distance 
navigation, as well as m automation and control (see Chapter 6 and the Deacon 
Laboratory site report in Appendix E). 


The level of automation m the vehicle systems and in the development laboratories 
and test errvuonments is much lower in Russia and Ukraine than in Western Europe 

V *11?! U u mted Stat ®f; 7116 tofrastructure to develop automation and advanced 
control techniques is 10 to 20 years behind that in the West There has been little 
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Navigation, ComBHinfcatha. M a tamSS m, 



and Control 


The 
programs 
. Control systems land to be 


hard-wired direct links to human operators. 
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Appendices 


APPENDIX A. PROFESSIONAL EXPERIENCE OF PANELISTS AND OTHER 

TEAM MEMBERS 


PANEL MEMBERS 

Afataft//. Seymour, Chair of the WTEC Panel on Research Submersibles and 
Undersea Technologies, is Director of the Offshore Research Center and Senior 
Chair in Ocean Engineering at Texas A&M University. 

Dr. Seymour heads the only U.S. national engineering research renter that is 
dedicated to ocean engineering research. The mission of the Center is basic 
research that will assist economical oil and gas production at great depths (2 to 3 
km). The Center’s research activity had included fluid/structures interaction, 
advanced composites for deep ocean applications, and seafloor engineering, with 
particular emphasis on innovative foundations and structural reliability. Formerly, 
I*. Seymour headed ocean engineering research at the Scripps Institution of 
Oceanography of the University of California, San Diego. In addition, he has headed 
a number of major ocean engineering research programs, and has published over 
180 papers, books, and reports in his field. 

A graduate of the U.S. Naval Academy, Dr. Seymour obtained his Ph.D. at Scripps. 
He is a member of the Marine Board of the U.S. National Research Council and is 
active in the Marine Technology Society, the American Society of Civil Engineers 
and tiie American Society of Mechanical Engineers. 


D. Richard BUdbatg\s the Director of the Marine Systems Engineering Laboratory 
at Northeastern University’s Marine Science Center in East Point Nahant 
Massachusetts. ’ 


Mr. Blidberg has been involved in the development of autonomous underwater 
vehicle systems for over 20 years. He began his career in industry, where he was 
involved in the development of underwater acoustic systems and their applications 
in the polar regions. He subsequently assisted in the founding of the Marine 
Systems Engineering Laboratory of the University of New Hampshire. In that 
laboratory’s new home at Northeastern University, Mr. Blidberg continues to focus 
on the development of intelligent systems technology for undersea applications 
particularly architectures for intelligent control. He has been responsible for the 
current EAVE system architecture program since 1976. Mr. Blidberg has served on 
a number of committees focused on undersea systems technology, and has 
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platforms for oceanographic and meteorological measurements. Mr. Kalvaitis ha s 
published articles on undersea technology developments and platforms, ocean 
thermal energy Conversion, data quality assurance, and marine instrumentation. 

Mr. Kalvaitis received his Bachelor’s degree in Mechanical Engineering from the 
University of Maine, Orono. He is a member of the Marine Technology Society’s 
Undersea Vehicles/ROV Committee, and of the Current Measurement Technology 
Committee of die Institute of Electrical and Electronics Engineers. In addition, he 

» a member of the Engineering Committee on Oceanic Resources Working Group 
for Marine Robotics. 


Mohaaf J L— is a Senior Engineer with the Monterey Bay Aquarium Research 
Institute of Monterey, California. 

Mr. Lee is involved in research in task-level controlled unmanned underwater 
vehicle systems. He developed and managed the institute's research programs for 
underwater remotely operated vehicles and underwater instr uments He was 
instrumental in developing the scientific ROV Ventana, which has conducted over 800 
scientific research missions off the coast of California. Formerly with Hewlett 
iteckard Laboratories, where he headed the Gontrol Systems Department, Mr. Lee 
is experienced in research in electromechanical systems, kichidmg printers, plotters, 
instruments, and robotics. Moreover, he managed die Laboratories’ efforts in 
manufactunng technology, including robotics, design for manufacturability, and 
computer-integrated manufacturing. 

Mr. Lee received his Bachelor’s degree in Electrical Engineering from 
Massachusetts Institute of Technology and his Master’s degree in Electrical 
Engineering from Stanford University. He is a member of foe Marine Technology 
Society and of the American Society of Mechanical Engineers. 


John A Had? Moonay Jr* a Retired Admiral in the U£< Navy, is an independent 
consultant to ocean engineering and research managers. 

Admiral Mooney is a member of the Board of Directors of Coltec Industries; a 
member of the Marine Board of the U.S. National Research Council; a member of the 
Board of Directors of the National Association of Marine Laboratories; and serves on 
foe Naval Studies and Ocean Studies panels of the UE. National Academy of 
Sciences. He is a former President of foe U S. Marine Technology Society, and is 
the former President and Managing Director of Harbor Branch Oceanographic 
mstitution, Inc. of Fort Pierce, Florida. Admiral Mooney retired from the U.S. Navy 
in 1987. His 34 years of commissioned military service included numerous 
assignments involving ocean engineering and research and development. He served 
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research in subsea technology and coastal zone utilization. In addition, Mr. Caplan 
has been actively engaged in promoting the Foundation’s international activities, and 
served as the Chairman of die Foundation’s Coordinating Committee for Research 
in Intelligent Robotics Systems. Prior to joining the Foundation in 1973, Mr. Caplan 
held positions with U.S. academia and U.S. companies involved in research in 
undersea technology, ocean vehicles, and advanced naval eonfuniinir^tinni;, 

Mr. Caplan received his Bachelor’s and Master’s degrees in Electrical Engineering 
from New York University. He is a member of the Institute of Electrical and 
Electronic Engineers (IEEE), is Past President of the Robotics and Automation 
Society, and is active in the Marine Technology Society (MTS). He is the U.S. 
Delegate to the International Advance Robotics Program and to the International 
Ocean Technology Congress. 


Mohisl /. IMTismar is the Director of the Japanese Technology Evaluation 
Center/World Technology Evaluation Center at Loyola College, Baltimore, Maryland. 

Dr. DeHaemer is a former Captain in the U.S. Navy and submarine commander. He 
is founder and Director of the Lattanze Human Computer Interface Laboratory and 
is a specialist in the applications of synthesized speech and automated voice 
recognition systems as computer interface output and input On the faculty of the 
Sellinger School of Business and Management at Loyola College, he is the Chairman 
of the Information Systems and Decision Sciences Department where he currently 
teaches Information Technology and Strategy, the Human-Computer Interface, 
Applications of Expert Systems and Neural Networks, and Production Management. 
Dr. DeHaemer has research interests in business applications of artificial intelligence 
and tiie methodology of technology assessment 

Dr. DeHaemer received his Bachelor’s degree in Physics from the University of Notre 
Dame, Master’s degree in Operations Research from the Naval Postgraduate School, 
Master’s degree in Business Administration and Industrial Engineering, and Ph.D. in 
Management Information Systems from Rensselaer Polytechnic Institute. 
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(4) ecological, and (8) air acoustics. 


ft technical institute, Attfraev has previously worked only on problems provided by 
the user community. Recently the institute's scientists have been given more 
freedom to choose their research directions, but they have tor 1 ms support to 
accomplish that research. Recently Andreev’s two-building complex has 
reductions to the point where part of one building is used by a 
commercial company. Mr. Nikolae Dubrovsky’s lab has been reduced from thirty- 
five people to eight in the last eight years. 

The institute has two large ships, raping up to 10,000 tons, that are configured for 
research. The ships are not in use now, but the institute is trying to find 
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companies with which to form joint ventures in order to have die funding required 
to return the ships to operation. 

Applications include: drag reduction, sound and vibration, bionic research, neural 
networks, navigation, ultrasound, ecological, nonlinear acoustics, algorithmic 
processing of data, underwater communications, and bore head telemetry. 

Drag Reduction 

The institute did some work in the 1970s on drag reduction, but subsequently 
stopped. Since then the personnel involved have left the institute. 

Sound and Vibration 

Andreev has worked on developing materials and coatings to reduce sound, 
investigating methods of determining where to place the materials for optimum noise 
reduction. 


Research into dolphins and other marine animals’ sonar capabilities has sparked 
interest in understanding what can be applied to sonar systems. Marine mammals 
like the dolphin have a sonar system that is a "whole" system, that is, the 
physiological characteristics of the animal and its behavior are part of the entire 
sonar system. Scientists have learned from this that 8 to 100 neurons can sometimes 
have a processing capability that is equivalent to a million computers. 

Neural Net work s 

The institute is investigating some basic issues associated with neural networks. The 
institute's scientists want to teiowhowagroup of neurons with m/sec response times 
can be connected so that the group can detect m/sec variations. Andreev does not 
have a large research effort in the neural networks area at this time. 

Navigation 


The Andreev Institute is interested in undersea transponders with extended 
durations. Some work has been undertaken that is directed at the development of 
transponders - extending transponder endurance through the use of a sleep mode. 
The institute’s scientists expect to extend the life of transponders by one or more 
years by using a wake up mode. 

The institute has been investigating the design of a multibeam receiver for obtaining 
accurate range and bearing determination using transponders. The institute’s 



accuracy of ±1 cm. The institute has a multibeam sonar of 100 1* beams. 

Bora hah locahMmtioa The institute’s scientists era considering using stationary 
auajp In monitor the drilling head position for oil. Their processing will eliminate 
the t vote a ssocteled with drilling and will allow for range and boring to drill head. 


Tm ^ n g^te m fcatuses 1 MH* and a 100 x 100 array with 1° 
The beams are electronically formed from the array data. 


an acoustic 
i discussed. 


The institute is Investigating such environmental applications aa the following: 
o * cleaning water and air of pollutants (e.g., oil films on tire surface of water) 


around^OWb^to obtain a 600 Hz difference in frequency for subbottom 
profiling and seismic analysis. 

The institute’s scientists believe that they can obtain pol l ut a n t concentrations 
by analysing received pulses over small volumes of water (1 m to 10 m) 
pefoa. They have cond uc t ed some experiments to understand changes in 
concentrations at pollutants to 1 part in 10*. 


After years of working on matcM4Md?>KoeeBsing, the institute is either applying 
or exploring application of that technique to the following problems: 
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Long path acoustic current meter. Here the matched field techniques 
minimize the errors introduced by bottom and surface reverberations in 
shallow water channels. The technique increases the accuracy of fluid flow 
measurements in long, shallow water channels. 

Understanding the internal wave structure of a channel Andreev’s scientists 
feel that they can understand the health of a body of water by determining 

flows in and out of that water as described by the structure of water in the 
channel. 

Underwater acoustic holography, using optical waveguide techniques to 
better understand underwater sound channels. 

Sediment measurements through a project to measure sediment properties by 
using acoustics. . By measuring the effect of an acoustic wave as it propagates 
through the marine sediment, various parameters can be determined. 


The institute’s scientists have worked on some communication systems that they 
cannot discuss. They also have examined some of the filter processing techniques 
being applied to underwater communications. They believed there was a need for 
long range (2,000 to 3,000 km) communications at low rates. The same 
techniques can be applied to shorter ranges with correspondingly higher data rates 

(e.g., 20 Hz ±10 for ranges of 1,000 to 2,000 km using a receiver with 18 bit 
resolution). 

Bon Head Telemetry 

Scientists at the institute want to use their techniques for implementing a telemetry 

system from the drill head to the surface by using a low data rate system without 
cables. 


suMiiunr 

In summary, in the area of research projects, the institute’s focus is on basic 
research. The institute also is involved with the actual development of systems. 
Although several projects are being considered, the status of those projects is not 


The institute works with personal computer (PC) -type workstations and develops 
some of the applications using DSP chips. Andreev Institute’s scientists recognize 
their need for more capable computer hardware, but have accomplished much with 
existing processing capabilities. 
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Report Author: 




May 18, 1993 
C. Brancart 


WTEC: 

D. Bttdberg 
G. Brancart 
L. Gentry 
J. Mooney 

HOSTS: 

Vladimir A. Chelyahev 

Vadim V. VeWschev 
Dr. Peter A. Zinoviev 


Head of Department, Underwater Devices 
and Robotics 
Head of Department 

President, Institute of Composite Structures 


The Bauman Institute of Underwater Devices ami Robotics is part erf Moscow State 
Technical Unirorty, the oldest InUtute In *»*; tt _«ho to one ot the latgeet 
Be fore the Revolution it was called the 'Imperial IStfi School. 

The Institute of Underwater Devices and Robotics employs 600, not including 
teachers and students. About 20 students are enrolled in the institute each year. 
The institute is the only source on manipulator systems in the country. One year 
a go the institute was closed to the public because erf classified work. 
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Bauman Institute works with other institutes and agencies on common projects. 
Their specialties are: manipulator systems, propulsion systems, operating systems 
and controls, and complete underwater vehicles. 


Although the WTEC team members were unable to undertake any in-depth 
discussions on the Bauman Institute’s capabilities, they were able to highlight the 
general areas of the institute’s expertise. 


Electrohydraulic drive systems and associated controls. The institute’s scientists and 
engineers claim that their servo valves are the best (L©*» comparable to 
Westinghouse’s hydraulic amplifiers). 

Electric drive systems. These systems have brushless motors and magnetics, and 
tend to be very expensive. 

Mangus propulsion. These rotating cylinders are used on a towed system at 2,000 
m depth. 

Adoptive propulsion. These are totally regulatable hydraulic motors that select 
operating parameters to maximize propulsive efficiency. 

Energy Systems 


Gas Dynamics. The institute has a solid propellant that uses water as the oxidizer. 
This is different from torpedo technology because this propellant is ecologically 
pine. This technology has been used on the institute’s rescue submarine. Bauman’s 
scientists and engineers are working on a power package that would replace the 
batteries on manned submersibles. 

Nuclear. Bauman is not working on any nuclear power systems. The institute’s 
personnel would like to develop nuclear systems, but they are not allowed to. 


Manipulators are the Bauman Institute’s area of expertise. The WTEC team visited 
a laboratory that had just one manipulator instead of the large variety of manipulators 
that the team’s members expected. Some of the major accomplishments in 
manipulators have been: 
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o Servo systems to control manipulator position to within ±0.1 mm of setting; 

o Rotary motors without reduces that have 90* rotation, generally used at arm 
joints; 

o Use of position feedback for control, not forced feedback; 
o Joystioteeontrol fear rate and force level; and 

o Autonomous control The institute's setentiste wrote die software for the 
Buran orbiter for an unmanned landing when the vehicle was bei ng te sted. 
They used British computers with parallel processing. Aft work on 
autonomous control has been stopped because of lack of funds. 


The institute’s scientists haws been working with nonmetallic structures, namely 
ca Aa a , oj p g s rdc, or glass fitea. They have developed models that can predict toe 
damping properties of composite structures and are able to cafoulsie toe energy 
dissipation of composite structures under external loads. They stopped all work in 
fifteen years ago because of the low life cyde of the material. 

«_a 

im 

The major thrust of Bauman’s Work to this area has been in the ** 

constructive resonance concept In the propulsion area, Bauman s scientists feel that 
the gas-dynamic system is potentially quieter. 

Bauman is working on an integrated navigation system that incorporates very 

accurate accel e ro me t er s. The design goal is an accuracy rate of 20 m per hour. 
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SUMMAKT 

The institute has demonstrated levels of expertise in the area of electrohydraulic 
system control and devices, and gas-dynamics propulsion. It may be advantageous 
to pursue the technologies further. 

Dr. Peter A. Zinoviev, the institute’s director, was very open concerning its present 
condition: the institute is in a survival mode. 


Bauman Institute representatives passed out black and white photographs of some 
of the institute’s systems, including: 

Triton, an ROV 
A towed system 
Aquator, an ROV circa 1978 
A wheeled vehicle 
A grabber vehicle 
Scaros, an AUV manipulator 



Date Visited: 
Report Author. 


May 20, 1993 
D. Walsh 


WTEC: 

C. Brancart 
B. Mooney 

D. Walsh 


HOSTS: 

Victor P. Brovko 

Eugene E. Pavijutchenko 
Dr. Alexander M. Podrashanaky 


Alexande r A. Paramonov 


Director, Science and Technology, designer 
of manned submersibles; he was fomtedy 

with the Manned Sub m e reib les Laboratory 

of die PJP. Shirshov Institute) 



Laboratory of dwPP.Shirshov Institute and 
pilot of die Mr subxnar8ibles; now liaison 
with the IMgn Bureau) 

Director (he did not attend the site visit, but 
the WTEC team obtained his card) 


vtamomo 

The WTEC team spent about three home at die Experimental Design Bureau! Moat 
of the visit took place in Mr. Victor Brovko’s office, where die team was briefed on 
the various programs. Dr. Walsh was asked to meet separately with Mr. &ovto, Mr. 

Eagan, Pa^adwnko. amtOr. JUaan* INxfcaihana* »a dlaoaaa tourWajiwarin. 
designs developed by the bureau and its assorted private company, Rift Company 
Ltd. Some team members were shown some of the bureau’s hardware. 


iiii. ■nMa-ii~CIS"5'i ' ■" "■ 
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The Experimental Design Bureau of Oceanological Engineering was established in 
1970 as part of the PJ>. Shirshov Institute of Oceanology. The Design Bureau 
remained a part of the institute until about two years ago. Now it is an independent 
organization under the Russian Academy of Sciences. However, its two major 
customers are still the Shirshov Institute and the Ministry of Geology. The bureau 
is free to sell its devices to any buyers, domestic or foreign. 

The bureau's primary function is to design, build, and test sensors, samplers, and 
instrumentation used for oceanographic research. The bureau's scientists and 
engineers also design and build manned submeraibles. These include Osmotr, 
which was completed in 1988, and the Rifi class, two of which are under 
construction. The bureau’s recent interest in tourist submarines for the commercial 
market comes from its experience with oceanographic manned submeraibles. 


RESEARCH AND DEVELOPMENT ACTI V I TIES 


Oceanographic In strument a tion 

hi tiie bureau, there are two major subgroups in the area of oceanographic 
instrumentation: hydrophysics and hydroacoustics. The bureau’s scientists and 
technologists make a full range of devices fra: ocean studies, as well as various 
components such as radio beacons, acoustic releases, physical samplers, and strobe 
beacons. 

They have also been working with the development and construction of both long 
and ultrashort baseline navigation/positioning systems. This work has included 
design of the required transponders. Operations with these systems have been 
conducted in the ocean and in Lake Baikal, where acoustic conditions are very 
difficult. 

Another developmental area is underwater communications between submeraibles 
and surface vessels. 


Manned submeraibles have been a mission of the bureau since it was first founded. 
Agua (1976), a 600 m depth vehicle, has made over 1,000 dives, and Osmotr (1986), 
a 300 m vehicle (200 m for diver lockout operations), has made only 20 test dives 
and "dozens of dives to 80 m" for testing its diver lockout system. It had been 
offered to Cuba for treasure hunting work, but this project was not realized. Osmotr, 
currently located in the Ukraine, has no programs planned and is presently for sale. 
Both submeraibles were designed and constructed under the direction of the bureau. 
Also, both have been operated by the Shirshov Institute. 



HIM 


dtopth manned 


subtnersibles under 
Ides, which are of ell 


i ! 1 1 * * 9 l * 


*T* it ^ ij* 1 


t : i st « V * * 1 


given one of the two submersibles . 


The Experimental Design Bureau of Oceanologit^ B^ineerir^m^l^ L J5' 
have developed two designs for tourist submarines, the Angara TS-6/60U and the T5- 

SO/m Tim tamer b ■ *400,000, e.pemm» Ber eebrn yta*. *^2 

— • - an (MUflOA. M.M*Mnn«r submarine thatcan dive to 100 m. wan 


I * r 1 1 i • } f { 


hate any onto for either subn&ivible. However, there may be a market 
"resoctHrised” (six to twenty passengers) tourist submarine. No company i n the W est 
has started making these yet; this is a new market opportunity with no competition 
yet present. 


and bureaus visited during die 


rTnr 






i -M :i«t< 
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These marketing efforts are very difficult to pursue since the present state of the 
Russian economy makasit difficult to secure travel funds to go to the West for this 
purpose. It was for this reason that Dr. Walsh was asked to make a quick review of 
their tourist submarine design and marketing strategies and tactics. He has known 
Mr. Brovko and Dr. Podrazhansky for over ten years, and they have had prior 
communications about tourist submarines. There is no question that the Bureau/Rift 
Ltd. combination can do this work. Furthermore, the estimated prices for each of 
these submarines is well below the estimated cost of an equivalent submersible in 
the West 


Rift Tourist Submersible 20/100. Brochure. 
Rift Tourist Submersible 6/600. Brochure. 
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WTBC: 

M. DeHaemer 


HOSTS: 

Alexander Voronkov 

Director, International Centre of Research and 

TCchnoteggr Bevetepraent 

Vaieryi S. Shevchenko 

Director, ROS Company 
Entuxiastov St, 8A, Rm 02 
Dubna, Moscow Region 141980 
Russia 

Sergey Saltykov 

Signal Processing, ROS Company 

Oleg Upensky 

Geo ton Company 
Box 28 Dubna- 1 
Moscow Region 141980 

Russia 

Andrey Polevik 

Peleng Company, Special Construction Bureau 
Senior scientist 
INFRAD 

c/o TECHNOPOLE 


BACKGROUND 

Tho D ubn a International Contis of Research and Technology Development, 
TECHNOP OLE, ia a trade group that represents several new start-up companies that 
have been spun off to commercials toehnologS developed at toe Atoll Scientific 
Research Institute fci Dubna, a short (finance from Moecow. AtoU appears to have 
boon a center for the deSlopment of advanced acoustic syste ms fa r mili tary, o il 
exploration , and oceanographic purposes. Advanced acoustic system hardware 
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(transducers and signal processors) and analysis software were developed at the 
institute. 

its a result of the downsizing of support for military applications and the reduced 
support for other purposes in the constricting Russian economy, groups of scientists 
and engineers have formed small companies in an attempt to commercialize their 
technical knowledge and/or products for civilian purposes. Representatives from 
four small acoustic product companies came to Moscow to brief a subgroup of the 
panel under the TECHNOPOLE umbrella. The discussion of each company follows. 

ROB Company 

The ROS Company, which may be the oldest of the four companies, was die only 
company with a product that was developed and ready for sale. ROS was 
represented by Mr. Valeryi Shevchenko as a company with expertise in subsea 
surveillance systems and communications systems. He and a colleague met the 
team at the ROS Company exhibit at a communications equipment trade show. The 
company exhibit was of hardware and computer displays for a seabed passive sonar 
system. The system was low frequency - less than 1 Hz up to 8 kHz with a 
sensitivity of 260 microvolt/pascal. 

The wet part of the system consisted of multiple hydrophone arrays; each array was 
in a straight line with multiple arrays ganged onto an underwater data transmission 
line. Arrays might have thirty or eighty hydrophones. Prom four to eight arrays 
would make up the underwater systems. Analog to digital signal conversion was 
provided at each hydrophone, and electronic to optical signal conversion occurred 

m a regenerator at the array level to enable fiber-optic transmission to the shore 
station. 

The dry part of the system consisted of a remote controlled power supply and an 
acoustic data analysis and display system that used an 80486 microcomputer. Very 
efficient data sampling, compression and analysis algorithms were claimed for the 
system, which, with TMS 320 S-30 chips for each four arrays, enabled effective and 
timely processing with a 486 microcomputer. Frequency, bearing, time, and target 
location (depending on array layout) could be displayed for up to five simultaneous 
tmgets per display. A database for classification of shipping targets is available from 

ROS. Larger projection displays could be incorporated if desired. The wet system 

could be retrieved and redeployed; the dry system is compact enough to reside in 
a mobile van. Other characteristics are in Figure Dubna.1 at the end of this site 
report Figures Dubna.2 and Dubna.3 are photos that show the hydrophone - 
piezoceramic of about 1.5 inch diameter - and the hydrophone housing - 

approximately 12" x 6" x 2“ - which contains the hydrophone and the a/d signal 
converter. 
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The ROS Company sees usesfor the system s* prinwrily one of *“^*^^* 
national economic zone, that is, detecting the presence of unauthorized fishing 
vessels, for example. An alternative use might be in connection with seismic 
exploration for oiL 

a system fr w Western countries. A snhdmum s ystem with only two 
hydrophone arrays might be arranged for less titan $400,000, exclusive of chartering 


The BQS C^t WF'y expressed great interest in finding both buyers andpartners for 
its system. The company has sold one system and expects to place it in service in 

the autumn of 1993. 


to 


systems. The 
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and gm exploration in the fields of Siberia and is looking for 


l b”" 08 11 that specializes in 
emitters. Mr. Polevik is a 
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tiie characteristics of a patented cylindrical emitter, especially for use in seismic 
operations. 

The need for more durable electrodes in the sparker device has been solved by 
encapsulating them in a special liquid in which the high powered electric discharge 
takes place. The power in a single pulse from this large device (1.2 m by .6 m and 
weighing 300 kg) is 6 Id, which is hydraulically transmitted through the encapsulation 
to the surrounding sea. Operational depth is up to 200 m. (See photo and 
specification in Figure Dubna.8.) 

A high powered boomer induction pulsing emitter with a tunable frequency response 
was described. The device was tunable to provide maximum amplitude in the low 
frequencies -- 50 to 700 Hz. It was claimed to be the first such design available for 
deep water use, that is, up to 300 m. (See photo and specifications in 
Figure Dubna.6.) 

Mr. Polevik has patented and produced a working model for a pulse resonant 
transmitter with high efficiency. The transmitter has a flat characteristic curve in the 
10 to 300 Hz range through the use of reactive compensation, and has output power 
in the 3 kj range. The transmitter shown in Figure Dubna.7 is electrohydraulic; it is 
purely electric at low power and can be purely hydraulic at high power. 

Finally Mr. Polevik discussed the proposed development of a low frequency active 
array of cylindrical shapes that might be used for searching out oil and gas fields. 
The array would be arranged to fit down an oil or gas well casing and would 
operate in the 60 to 1,000 Hz range, with controls to produce a directed beam 
pattern along a horizontal plane. The total system would also include a multichannel 
receiver array. See Figure Dubna.8 at the end of this site report. 

INFRAD Company 

A senior scientist from INFRAD described the Argus system that is being developed 
in partnership with other companies in the Dubna region. The Argus system 
proposes to use sonar emission tomography for the detection offish shoals, currents 
and underwater waves, and sediment fallout rates. The proposed system would be 
purely passive and would have a maximum depth of 1,000 m, with a monitoring base 
line of 1 80 m that lies up to 200 km offshore. The pattern of surface noise would be 
understood through array processing as fish, currents, or sediment, and could be 
characterized as to depth, density, and school size of fish. The processing by each 
array would require the characteristics of the conditions in situ. The spokesperson 
for INFRAD explained that for about one year there had been basic work exploring 
the fine structure of hydroacoustic fields to support the concept of sonar 
tomography, but as yet there had been no funding to support experiments. 
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dial have spun off from the Atoll Sdentffic Research 



One company, ROS, has manufactured a low frequency suCTefflahce system that is 
inexpensive compared to similar equipment in the United States and Europe. 


fhase strengths suggest attractiveness and potential IK either commercial or 
lesemch coopemtfre partnerships with the companies in Dubna. 
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□ APPLICATION 

The "Salma" and the "Semga" systems are most effective in conlinious all weather monitoring of acoustic noise 
sources at the sea and in investigation of acoustic properties of marine environment and sea bottom structure. 

The systems have the same structure: 

- underwater part ( hydrophone arrays, digital fiber optic communication line); 

- on-shore part (interface, data processing and control center, remote power supply unit) . 

It’s possible to install the on-shore part in premises or in truck (e.g. "KAMAZ") . 

The "Salma" is intended to detect and to control the activity of fishing boats, seismic prospecting vessels, 
drilling rigs and to protect 200-miles sea economic zones and stale frontiers. 

The "Semga" is Intended to detect all kinds of vessels (including small motor boats) in marine nature reserve 
regions, bays, straits, lakes, rivers and its outfalls especially during spawning. Due to its passive mode of operation 
the "Semga" doesn't influence on marine environment. 

The "Semga" system's on-shore part has two modes of operation: I) manual mode (with one or two operators 
per shift); 2) autonomous mode (with transmission all necessary information and alarm signals to the data 
processing and control center using available communication channels). 

The system's configuration depends from customer's requirements. The manufactures commit themselves to: 
delivering system's components to installation site; assembling, installating, tuning and verificating the system; 
training the personal; providing technical service. 


□ THE TECHNICAL CHARACTERISTICS: 


— underwater data transmission line 

— number of arrays, upto 

— number of sensors in a single antenna, upto 

— sampling rate in kHz, upto' 

— dinamic range of redeved signals in dB, upto 
coverage in standard weather conditions (sea-state 3-4, 
small vessels with radiated noise level about 1 Pa/sq.roo 
coverage area in the same conditions in sq.km upto 

— max. installation depth in m, upto 

— power supply in kW, upto 

*— on-shore equipment area in sq.m 

O TERMS OF DELIVERY: 


— price (underwater cable cost excluded) 

— delivery time in days 


"SALMA" 

"SEMGA" 

fiber-optic 

fiber-optic 

8 

4 

80 

30 

1 

3 

100 

70 

t 200 

100 

50000 

1600 

1000 

1000 

5 

1 

30 

12 

"SALMA" 

"SEMGA" 

53000000 

$1800000 

300 

300 


Flflpmo Dubna.l. Seabed Passive Sonar Systems to Monitor Traffic and Environment in Economic and 
Nature Reserve Regions SALMA and SEMGA 



168 


— — . 

IIpHeMHHK rHupoaicycTH^ecKHH npr-121^^ 


□ Ha3naMCHMe: 

npuCMiiiiK nupoMycTMiccKMfl (nwpo4»M) npcnnasHaneH w« npHCwa raapoa KycTHMCC icwc cwrwajwa « 
npco6pa30Baiuta hx b aaeKTpuMccxiift cHrwui. IIphCmhhk nwpoaKjjpnmecKHft npHMCHCH b chctcmc Cwm* 

□ TexHHMecicite xajjaitepHCTHKH: 

— IIOHIIIianiiUaU HyBCTBHTCJIMIOCTb, MKB/ria 2 J 0 

— eMKocTb ajscKTDimcckas, «0 7 - 1«4 



cMKOCTb aitcKTpu wfcas, nO 

— pafionan rjiy6««a>fci aoIOOO 

— * BepxHflfl Ha cronra pa&«iertBiana30Ka, itTu 5 


conpcmtjuictmc tttcuismnit, mOm 

— Aun«CTp,M« 

ll5 — /umua, mm 
LM — pa6o«mfta*iaf*a^ C 

' — Bee, KT < 5 - : f 

m □ ycnoBiig nocraBKHs 


R* — CTOJIMOCTb , 1 
□ — CPOK nOCTOBKII, Alicfi 


1 4, |V Blj t Vjjfr- r . >.ih ? 


hc MeHce 200 
46 

45 

-10 -+40 
0,3 


Figure Dubnn.2. H ydro phone (1) 
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The Geoton together with other enterprises from Dubna, possesses everything 
required to manufacture, deliver and install under a contract the SHELF Sea-Bed 
Multi ch a nne l Seismic System to explore oil and gas on the contin e n t al shelf as well as to 
monitor deposits being exploited. 



The SHELF System is highly effective in a number of major activities of seismic 
exploration on the sea shelf, such as 

- detailed seismic exploration, including special approaches; 

- long-term geophysical prediction; 

- exploration under ice and in regions of heavy traffic; 

- monitoring of deposits being exploited, including inspection of deposits’ outlines, 
production volumes, etc. 

The system consists oh 

- extended sea-bed modules comprising a great number of seismic sensors connected with 
combined, devices for analog-to-digital conversion and data compression; 

- sea-bed digital data transmission lines with r epe ater s ; 

- a built-in cho c king and diagnostic system; 

- field processing equipment to control, check and store information; 

- a combined unit to mate the receiving sub-unit with the processor and to supply power. 

Specifications: 

Receiving arrays frequency range Jrom 1 up to several hundred* Ht 

Dynamic range of signals to be received ....................... up to 113 dB 

Number of individual channels .................................... up to several ths 

A sing/e receiving module: length 0.8 bn 

number of channels — — 32 

Wet-end installation depth ... .... — ..... up to 1,000 m 

Area covered. .... up to 1,000 sq.km 


Figure Dnbna.4. 'SHELF* Seabed Multic h an n el Seismic System to Explore GO and Gas on the Sea Shelf 
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Submersible capsule Electrode system 

with electrode system being i nstalled 

of electric discharge in submersible capsule 


acoustic source 


Technical characteristics: 


Power In pulse ... 

Pulse repetition frequency.... 







Operation depth . “ up to 200 m 

Voltage on electrode system from pulse current generator .. 20 kV 


Weight (In air) 

Height 

Diameter 

Resource 


1.2 m 
0.6 m 
10 8 pulses 


Flunm Dnban.8. 
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Technical characteristics: 


□ Power in pulse 

□ Pulse repetition frequency 

□ Frequency range 

□ Continuous operation mode 

O Tunable energetic maximum in low frequency range 

□ Operating depth 

□ Weight (in air) 

□ Height 

□ Diameter 


3 kJ 

10 pulses per second 
......... 50 — 700 Hz 


300 m 
300 kg 
.. 0,4 m 
. 0,6 m 



Energy spectrum in frequency range Energy spectrum in frequency range 

50-300 Hz 50-700 Hz 


Flume Dnbna.6. Electromagnetic Source of Underwater Acoustic Poises 


£-3 
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Specifications: 


Basic advantages ever 
counterparts available: 


- power consumption - 3kW 

- eriqiieaqrnuise-2-400Hz 

- effecdverup&T5 - 250Hz 

- operation dqifth- up to 300 m 

- piston Stroke -up to * 15mm 

- number of transmitting pistons - 2 

- piston diameter - 300 mm 

- p^ pwifatlnn dram diameter A* - 450 mm 

- max. heigth - 550 mm 

- length -700 mm 


- smooth •^jmplitade-fmpatety response 
within 5?^ Hz range; Jj^g SO. r H . 

- twice as much radiation cff e cienc y due to 
impedance . reactive . component 
compensation \ 

- considerably higher specific acoustic power 
due to more effective use of the magnetic 
field volume. 


- weight -200 kg 


Application: 

Sonar systems verification, 
investigation of sound propagation in 
ocean environment etc. 








Configuration 

1 1 I - transmitting array control subsystem; 

0 - Linear transmitting array with vertically controlled directivity 

0 “ multi-element linear receiving array; 

0 - computer centre (radiochannel provided) . 


Flame Dttbna.8. Low Frequency Logging System to Search 00 andGhs 
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Site: 


Data Visited: 
Report Author. 


JtppendtzB, Stta Report* 



May 17, 1993 
C. Brancart 


WTEC: 

R. Blidberg ^ 

C. Brancart " T ; i 

D. Walsh 

HOSTS: 

Dr. big. Vjcheslaw A. Nikitin 


f, FSS Bunn 


design and pr 


Energia is a 
program. It was founded In 1974 on 
agency is a 




Bum space shuttle. 

WTEC pwri members understood that the topics of discussion would include: 
o Power and propulsion o Fuel cells 

o Communications and sensors o Telemetry _ , t . 

o Control and automation o Hull and mechanical robotics (manipulators) 

The panel was met by the director of the agency and other association 
ujmiiZtilir fThir team’s eontaotperton was the onlyperson to give team 
members a business card; his eaperttee is in the area of fuel cells.) The language 
barrier proved to be very difficult to overcome. The program plan was to view 
hardware lor one hour and then have discussions for one hour. 
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The viewing of hardware was very interesting. First panel members saw the museum 
(open by invitation only) of the space program from Sputnik I to the present. There 
was an impressive array of actual hardware. The panel then went into the plant, a 
positive pressute volume where white coats were required, to see the shuttle and 
space capsules for Energy’s ongoing space program. This is where the hardware 
is checked out before going into space. 

The general configuration of the hardware was similar to that in the United States. 
The general area was much smaller than anticipated. Also, the general condition of 
test equipment and test stands appeared to be dormant and dated; the hardware 
was in a state of deterioration. The lack of funding was evident 

Following the plant tour, the panel returned to the conference room for discussions. 
The institute’s representatives began the discussion with the question "What 
problems may we solve for you?' The panel then proceeded to extract information 
from the group. Panel members advised the Energia representatives of the panel’s 
interest in space technology that could be applied to underwater systems and 
environments. 




2ARCH AND DEVELOPMENT ACTIVITIES 


The discussion focused on the use of acoustics with GPS updates. There is no new 
work being done in this area. The best estimate for system accuracy is ±1 m in 3 
to 4 km. 


Energia is conducting research and development in the area of acoustics, but could 
not tell the panel any specifics. Tests are now underway in fiber optics. 


The agency’s scientists have been in the fuel cell business for twenty years. Their 
space program has been using alkaline fuel cells. Energia’s scientists have been 
working on a direct current (DC) power supply system based on electrochemical 
generators with hydrogen-oxygen fuel cells for the Buran orbiter. This is the system 
that the agency plans to use on small submarines. A technical paper on this topic 
On English) is listed in the references. 


Panel members were also given a paper that summarized different energy sources 
in Russian. A rough translation of the information presented in the paper is provided 
in Table Energia.1. 
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Site: 


Date Visited: 
Report Author: 


ATTENDEES 


Enaigk Space Firm 
Pfonezskaya St 4 
Kaliningrad 141070 
Mo sco w Region 

Telephone: 096481-9111 
Fez: 096-274-0028 

May 17, 1993 

D. Walsh 


WTEC: 

R Blidberg 

C. Brancart 

D. Walsh 


HOSTS: 

Dr. big. Vjcheslaw A Nikitin Leader of the Laboratory, PSS Buran 


These comments are a supplement to the report written by Mr. Claude Brancart, the 
primary author. 


RESEARCH AND DEVELOPMENT ACIWmES 

Energia is the Russian institute for development and construction of manned 
spaceflight systems (another institute is responsible for unmanned systems). 
Energia-developed spacecraft such as the Mr series have established manned 
spacecraft mission records of many months. Due to the relatively large w ise of 
manned systems, Energia has developed the most powerful launching rockets (e.g., 
the Proton series) in die world. 

The WTEC team’s interest was in spacecraft systems' components, such as life 
support, compact energy sources, control designs, and so forth. Also, the team had 
been informed that Energia was involved in die development of a manned 
submersible with a company called Intershelf (see die repent on the WTEC visit to 
that company below). 
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Currently Energia continues work on its Buran space shuttle system. The WTEC 
team had the opportunity to boani dw prototype of this spacecraft. 


Ub 


conservative and simple. 



The latest system, Photon, is onboard Buran. This is an Oj-AIkaline 
that b efo g used by NASA’s Space Shuttle Program^ The agency's 
.«4ng nfcd tgHton primary batteries, which were de v elo p ed by toe 
near Moscow (WTBC did not visit LUCH during toh trfo). They 

and gotten as far as 

in 

imdaar thermionic pomw systems are used here. (However, toe 
son* sort of small nuclear reactor for spacecraft, and they went 
United States has even bought ate recently, so it is not 
mention this. Perhaps it was developed by a competing institute). 




Energia’s control systems seem to be less complex (requiring more piloting by the 
crew) than those used by NASA for manned spacecraft. 


Most of the visit time was occupied by visits to Energia’s museum, large prototype 
construction hall, and hall of history. The museum fea tmed virtually aflofth e Soviet 
and Russian manned spacecraft (usually the actual cabins of toe ve W as) dating 
b ack to the very first Sputnik. The tone frame represented by the hardware in toe 

a third of a century. The number ©! vehicles and variety of 



In the prototype 

manned spaced 

was told that toe full operating prototype was set up fat this hall 



that tome were 
appeared to be working in tods < 


in toe hall. Only liiw people 


r 
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After visiting the construction hell, panel members participated in some brief 
discussions about the WTEC team’s goals. Ten Eneigia representatives were 
present in the conference room. Team members found that there did not seem to 
be any technical areas of interest (Le., applicable to deep submersibles) that could 
be considered innovative or unknown in tile West 

Energia, like virtually all high-technology institutes in the former USSR, is suffering 
from severe funding cutbacks. For example, their space shuttle has only flown 
twice, and only once in the manned mode. However, due to the low cost and high 
efficiency of their launch rockets, there is considerable interest in the West to 
acquire lower cost launching systems for satellites. Also, Energia has been working 
with NASA on the redesign of space station Freedom in an effort to reduce its cost 
While this institute is looking at diversification, the main future for its intellectual and 
physical assets lies in cooperative (and fended) space programs with the West. 

As tiie team left the institute, members were taken through the hall of history, which 
displayed some very early photographs, records, and artifacts of Russian/Soviet 
aeronautical, rocket, and space pioneers. 


CONCLUSIONS 

The visit to Energia was very interesting, but it made no contribution to WTEC’s 
requirements. While Energia had received a set of WTEC’s technical questions, 
agency representatives did not directly address them at the meeting. They did 
promise to send answers to the team in Moscow before the end of the week. 
Additional information from Energia wtis relayed several months later via Intershelf, 
as noted above in Mr. Brancart’s site report This consisted of some corrections to 
Tables 3.4 through 3.6, with the some additional information on Energia’s activities 
in ROV development mid ocean floor mining. 


Date Visited: 


May 21, 1993 


D. Walsh 


ARENSBBB 

WTEG: 


B. Mooney 
D. Walsh 


HOSTS: 

Professor Rodor Bunkin 


Professor Konstantin L Voliak 


Dr. Valery Petnikov 

Professor Alexei Bunkin 
Dr. Alexei Maliarovsky 



Head, Acoustic Ocean Sounding Laboratory, 
Department of Waive Phenomena 
Senior Research Associate 
Senior Research Associate 


BACKGROUND 

The Institute of General Physlsr was founded in 19E& Its director is Academician 
AJuL Prok hor ov, who shared) together with the American Charles Townes, the 1964 
Nobel Prise in Physics for their work in developing the laser. 

The instihite has nine ds®«1ine^ te» ind^poident laboratories, «ki^iB»ntelioii 

design bureau, and a patent dhrWon. The team’s visit was primarily concerned with 
the institute's work in devices for oceanographic research. While several of the 
departments contribute to marine-related research, die majority of the work is done 
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by the Department of Wave Phenomena. This department Is divided into seven 
laboratories: 

o Hydrophysics 

o Applied Optics and Ultraacoustics 

o Nonequilibrium Macrokinetics 

o Laser Wave Measurement 

o Acoustic Ocean Sounding 

o Physics of Liquid 

o New Radiation Detectors 

The team spent about two and a half hours at the institute. The entire visit was 
conducted in Professor Bunkin’s office, where the team was briefed on the 
oceanographic-related work of the institute. The majority of this work involves the 
use of lasers and low frequency acoustics to measure ocean processes. 


RESEARCH AND DEVELOPMENT ACT IVITIES 


Ocean Remote Sensing by Airborne Laser Systems 

Since beginning work in 1983, the institute has developed and tested a multipurp os e 
airborne laser system that can detect the thermocline in the ocean down to depths 
of 65 m. The laser platform (helicopter or aircraft) is at an altitude of 800 m. 
Successful tests have been conducted in the Kara and Barents seas in the Arctic as 
well as off the Kamchatka Peninsula in the Pacific Ocean. The original purpose of 
the system was submarine location. This 5 is accomplished by detecting the 
interference patterns in the surface and subsurface (on the thermocline) wave fields 
due to passage of a submarine. 

The airborne laser for this application is a pulsed Nd:YAG unit with 700 millijoules 
power output For thermocline detection the power level is 100 to 180 millijoules 
(from the third and fourth harmonics of the primary power level) and a wavelength 
of 832 nm. A 30 cm diameter mirror is used to reflect the laser output signal through 
a transmitting telescope to the ocean and to receive the return signals. 

Over 1,000 hours of airborne testing have been done with this system. Currently it 
is fitted into a Kamov KA-32 helicopter. 


Through using different parts of its frequency band, this same airborne laser system 
is capable of several different types of remote ocean-environmental measurements: 

o Location erf the thermocline 

o Location of near-surface scattering layers 
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of 

at of naar 


temporal analyser. 

Tfaa complete system consists of several devices that can 


hSMIm*;: III 


o Photoa coust ical gas analyser 

o Lkter altimeter ^ 

The team was told that just a bafera its visit the institute was jiWe to do 

pl a nna of the sea surface with its airborne laser system. This would 

permit material analyst down to the molecular level. 


claritv. 


measurements where, depending on 


be asgreat as 28 m. 


' £ * \ \ «: t 


is 70m 


"Ml 


use of buoys, die acoustic data can be transmitted by radio to a remote station up 
to 10 miles away. 
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cooperating with Dr. Lynch of the Woods Hole Oceanographic Institute (WHOI) in 
this work. Mr. Craig Dorman, Director rtf WHOI, and representatives of Science 
Applications International Inc. (SAIC) have visited this laboratory. 


The institute hopes to do work in the Arctic Basin for long range acoustic 
tomography (perhaps in cooperation with Mr. Walter Munir’s program). The Russian 
equipment will be set up at North island in Franz Joseph Land. In addition, the 
institute plans to do shallow water propagation variation studies in the Barents Sea. 


Academician Alexei Bunion described some very new work the institute is doing with 
an optical-acoustic communication system between submarines and aircraft. The 
aerial platform would use a very high power, modulated laser directed at a very 
small area of the sea surface. The power output of the laser would be high enough 
to create mechanical surface roughness that could be sensed by the submerged 
platform. Through signal analysis of the aperiodic surface roughness, the 
intelligence would be pulled out of die surface noise. 

The submerged platform would use an upward directed very high frequency (100s 
of MHz) sound source to create a similar roughness on the sea surface. This would 
be detected by a high frequency, cross-polarized radar. The aperiodic roughness 
pattern would then be converted into a communications «ign«f 

To date, this concept has been tested from an aircraft at very low altitudes. 


SUMMARY 

While it is clear that most of the work presented to the team was originally 
supported by m ajor Soviet Navy efforts to successfully do nonacoustic antisubmarine 
warfare (ASW), die end of the Cold War has provided an opportunity to channel a 
lot of this enormous investment into civil applications . If these laser systems can be 
put into service for a reasonable price, then they could find wide use for commercial 
fisheries development and marine pollution detection and monitoring. 

The low frequency acoustics work, which contributes to die current international 
effort in acoustic tomography, will be vital in helping to understand the global 
climate system in terms of ocean warming and cooling. 

As with some of the team’s other site visits, the information given to the team was 
very interesting and often surprising. As scientists and engineers, team members 
could certainly appreciate the emergence of so many tilings that had not been 
revealed previously. Unfortunately, much of this information was not relevant to the 
WTEC charter for assessing deep submergence technologies in the former Soviet 
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"Uses of Lidars for ocean remote sensing." Briefing paper. 
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Site: 


(HP) 


48 mjanov Street 
Nhhny Novgorod 608600 


Date Visited: 
Report Authors: 


Telephone: 6813-368669 

181129 FEB SU 
8313-889717 


May 18, 1993 
B. Mooney and D. Walsh 


WTEC: 

B. Mooney 
D. Walsh 

HOSTS: 

Andrei V. Gapanov-Grekhov 
Professor Lev A. Ostrovsky 
Dr. Mark M. Slavinsky 

Dr. Victor L Turchin 
Professor Litvak 


(Academician) Director, 1AP 
Head of Laboratory 
Deputy Director of Hydrophysics and 
Acoustics; Head, Dept of Ocean Acoustics 
Sr. Scientist, Vibroacoustics Laboratory 


BACKGROUND 

The first event of the visit w as a 48-minute meeting with Academician Gapanov- 
Grekhov to discuss the WTEC program and, ki general, tte ocean-related work of 
his institute. This meeting was also attended by both Professor Lev Ostrovsky and 
Dr. Mark Slavinsky. 

The Institute of Applied Physics (IAP) works in both fundamental and applied 
research areas. There are five departments in IAP: 

o Plasma Physics and High Power Electronics 
o Hydrophysics and Hydroacoustics 

o Solid State Physics 

o Engineering and Physical Department 

o The Central Department (institutional support) 
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Th* director discussed the ocean-related activities of these departments and 
provided the panel with a booklet providing the same information. 

A maj or thrust noWie$o convert as many activities as possible 
commercial work. ft* cunewfiy has contract work with 
General Atomics and^Wmi Iteoeiates. The institute also seeks to apply its know- 
how to detect anomalies in the sea (developed for ASW purposes) through 
en v i ro nm ental mori&x&tg. 



The 


i, where most 


ocean- 


related work was concentrated, included: 


o 

o 

o 

o 

o 

o 

o 

o 


Remote diaipioetics of ocean phenomena 
S ^ hna niw location, by acoustic and nonacoustic means 
Low frequency acoustics in the sea 
Phased arrays in sound transmission and receiving 


Radar mid optical (e.g., laser) systems 
Physical modeling of the oceans 
Mathematical models of the oceans 



The director said M HP Wed to work extemfssty in the 
h owever, dm institute drae obteirtinsrte»M»fo 
costly. In particular he mentioned the situation with t he P° . unu*™ 
and Vanfo$ which his staff had used. As noted in the WTEC report on the Shushov 
Institute, Ioffe is steady on lease to a German company as a passenger vessel. It 
is feared that Vavi/off may have the same fate. 



Design Bureau snaths ESS Group of Canada, 
during the final monte of the USSR, and this 
Academician Gapanov-Gmkhov believes titis prpject 
strong supporter cite unique work that co '* * 
nuclear submarine oceanographic platform, 
is more feasible than the alternative of converting a 
purpose. Both projects are currently being ” 
American oceanographic communities. 


had 

has not 
Should be 



he is a 



Next, the panel embarimd on at 
the institute where ocean-related work was 


conducted. 
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Prior to leaving the institute, the panel again met at the director’s office for final 
discussions. He mentioned that he is Chairman of the State Committee of 
Hydrophysics, and that this keeps him involved with related work in other Russian 
institutes. This also gives him a major voice in the directions that Russian 
hydrophysics will take. 


RESEARCH AND DEVELOPMENT ACTIVrnES 

hi the visits to the laboratories and offices, die team was briefed on the following 
areas. 

Stratified Fluid Tanks 

The Hydrophysics Laboratory at the LAP has two tanks that permit experiments in a 
two-layered stratified fluid system. The smaller tank is 6.8 x 3.3 x 2.7 m and the 
larger is 20 x 4 x 2 m. In operation, the lower layer of fluid is cooled and the upper 
is heated to provide a temperature difference of up to 16°C and a maximum gradient 
of 0.6°C per cm. Once the layers are established, the stratification can remain for 
prolonged periods without much additional heating and cooling. 

hi both tanks it is possible to circulate the two layers independently, hi die large 
tank, wave-making devices can excite either or both layers. In this way, internal 
waves can be induced in the tank. The wave-making device can vary force from a 
few grams to 1 kg. 

A towing carriage permits experimentation with how various shapes (such as 
submarine hulls) interfere with die stratified system, and whether this interference is 
measurable at die surface. The panel saw a tow model whose shape appeared quite 
close to a U.S. Navy SSBN. Carriage tow speeds can be varied from 1 cm/sec to 
1 m/sec. 

The Department of Hydrophysics and Hydroacoustics is working on remote 
diagnostic methods of detecting submarines; low frequency ocean instrumentation; 
low frequency phased arrays, antennae, and projectors; methods of determining 
depth; and locating submarines and ocean phenomena using radar and optical 
systems. The department is experimenting with a synthetic aperture radar to detect 
the surface wave reduction "scar" or "slick" caused by a moving submarine. The 
scientists and engineers claim that a moving submarine alters the normal internal 
wave pattern and that by use of a synthetic aperture radar, scatterometer, and 
passive optical devices, the internal relationships between surface waves and 
internal waves can be measured. 
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This system used radar, acoustic, and optical devices to sense the sestesfuse to 
detect anomalous perturbations caused by internal processes. This can be the 
pMsape of amibmarine or natural events such as internal waves. 

The Department at Plasma Physics and High Power Electronics is working on the 
following prelects: 

o The transfer of high energy over great distances. The energy would be 
produced by thennonriclear fission. The department is expeAnasidng with 
current without in duct ion. 



monitori ng of the environment to detect impurities. This involves 
use of radio-acoustics. 

Siip or r^onring tivtty, mier o» to nano-structured, X-ray lithography, soft X-rays, 
long wave X-rays of 100 angstroms, and MHD only in relationteplasma (no 
MHD work in sea water). 

The nonlinear optics and laser people ate working on chaos, mathematics, 
mathematical physics, nonlinear lasers, wave front reversal, structure of lasers 
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of lCH* pulse duration, and concentrated energy of 10" W/cm ("Star Wars" 
technology). 


It was clear that a three-hour visit to the IAP was insufficient to get into very much 
detail about the programs and devices being developed by this institute. It was also 
clear that everyone the team met there was most cooperative and interested in 
informing team members about their work. Due to time constraints, the team was 
not able to spend much time at each office or laboratory. A detailed visit to IAP 
should occupy two to three days. The panelists were impressed by everyone’s 
eagerness to establish working arrangements with Western research institutions and 
commercial companies. 


Institute of Applied Physics of the Russian Academy of Sciences. Descriptive booklet 
on the IAP. 

"Hydrophysics Laboratory of the IAP." Description of the IAP’s two stratified fluid 
tanks. 

"Universal Acoustic Doppler Current Profiler (ADCP)." Brief description of the 
system. 

"The Acoustic Source Image Reconstruction from the Near-Field Measurements." 
Theory, design, and description of the mobile acoustic array. 

"A Computer Ship Complex of Remote Sensing for Investigation of Ocean Subsurface 
Processes.” Describes the multisensor shipboard system for measuring man- 
made or natural aperiodic surface roughness. 

"Activities and Organization of the Hydrophysics Scientific Council of toe Russi an 
Academy of Sciences." 

Division of Hydrophysics and Hydroacoustics. Pamphlet 

Deep-Water Self-Sustained Station MDS-48. 

On-Board Control System BSU-1,2. 

Noise Suppression Problem. Proposal. 
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Date Visited: 
Report Author: 
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Telephone: 889 96 93 or 230 9B 81 

Ftoc 8866801 

Teles 411783 SHELFSU 

May 17, 1993 

C.Braneart 


wtec: 

R Blidberg 

C. Brencart 

D. Welsh 

HOSTS: 

Sergey Yu. Karev Director 

Andiey V. Nesterov Moscow Subsidiary Director 

Valentina N. Telnova 



]j>. Kenny, there tee 12 subsidiaries, 18 offices, ami a total of 300 people. In the 
Commonwealth of Independent States (C!S)ihere a«e 10 offices. The office that the 
WTEC team visited appeared to be a management and engineering office. 
Fabrication is done elsewher e. The discussions conducted were related to 
Intershelf s underwater hardware capabilities. 

In a development subsequent to the WTEC panel's visit, e new Ruasian-Britiah 
company, Ehn-Intershelf, was registered in October of 1993, with Sergey Karev as its 
Director. All of Intershelf s projects in subsea vehicles, tourist submarines, and all 
defense conversion contracts have been transferred to the new company. Ehrt- 
Intershelf is looking for additional Western partners, offering accessto CIS tickets 
and resources (including the possibility erf oil and gas development). 
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RBBBIRGH AND DEVELOPMENT AC T E VlTUfl 


Numerous brochures were provided, and the panel viewed a video of Interehelfs 
underwater crawler program. Information on Interehelfs systems are presented 
below. 


Ckawiers 

Crawlers are tracked devices with various payload configurations. Intershelf has 
developed on paper a complete line of underwater crawlers in the one-ton, eight-ton, 
and thirty-ton categories. Brochures were presented for die various sizes and 
concepts. In 1991, Intershelf fabricated and tested die Beta unit, an eight-ton vehicle. 
There appeared to be no sophisticated centred or other support systems. 

ROVs 

Intershelf has developed the Fish series of remotely operated vehicles (ROVs). 
These ROVs are very similar to available hardware. 

FBH10B 

The Fish 102 is sl small ROV with a 100 m operating depth. Its basic dimensions are: 
38" x 18” x 14" and 35 lbs in air. Negotiations are underway with a Western 
distributor. The price was estimated at approximately $20,000. 

FISH 103 

Fish 103 is a larger ROV with basic dimensions of 24" x 16" x 10" and 106 lbs in air. 
It is rated for 6,000 m operating depth. This vehicle has been designed to operate 
from a large underwater garage assembly or from another manned vehicle because 
of its 100-ft long umbilical. The vehicle was used to survey the downed Russian 
submarine Komsomolets. The Fish 103 has a price tag of $80,000 (presumably 
without the underwater garage assembly). 


Diver TV. Intershelf has hard-canned underwater TV systems for use by divers. The 
black and white version sells for $2,000 and the color version sells for $4,000 to 
$ 8 , 000 . 

Tourist Submarines. Intershelf has designed a ten-seat underwater tourist submarine, 
the SubTour 10/100. The vehicle is available for sale for $900,000. The submarine 
is to be certified under Russian guidelines, which the panel was told is comparable 
to ABS, DNV, and/or Lloyds of London. Intershelf firmly believes that there is a 
market for these vehicles. 
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and 


undaiwoter restaurants and other underwater tourist f a ci li t i es , they have not 
conducted any ADV work, nor do they intend to do so in the near future. 


Intershelf has some interesting products. However, it appears that Intetshelf is 
pricing its products parallel to comparable Western units and not what it would cost 
the compan y to fabricate the units. Intershelf s strongest move would be to lower 



a disc that will describe 
, and capabilities. The panel was advised 


that the co mpan y would send one. 


REFERENCES 

jj>. Kenny Intershelf. General Capability Brochure. Topics include: offshore design 
and project management, production, marine operations, underwater 
equipment, and underwater robotic systems. 

Concept Drawin gs. Summary of 1-, 8-, and 2K)-ton Bottom Crawler Series. Includes: 
Alpha (8 tons), Beta (8 tons), and Gamma (30 tons). 

Fish 102. Brochure. 

fWt JflSL Brochure. 

Dtm TV System Brochure. 

SubTour 10/100. Underwater Tourist Submarine brochure. 


Appendix B. Site Reports - 


193 


Site: 


Interahel f 0JP. Emiy frarshalO 
Ko ah ev rioh eskaya St 11 
Mosoowll3114 


Telephone: 090-2384)883 
Teles 411782 SHELFSU 

Fes 098-238-6287 

Date Visited: May 17, 1993 

Report Author: D. Walsh 


WTEC: 

R Blidberg 

C. Brancart 

D. Walsh 

HOSTS: 

Sergey Yu. Karev Director 

Andrey V. Nesterov Moscow Subsidiary Director 


BACKGROUND 

JP. Kenny Intershelf is a joint venture company formed in 1988 by JP. Kenny Group 
of Companies of the United Kingdom and two Russian partners, Moscow Institute of 
Civtt Engineering and Promstroibank. Their basic business is to provide 
engineering, economic, and management services for oil and gas development 
onshore and offshore in the CIS. Intershelf has 300 employees at nine locations in 
Russia, Ukraine, Latvia, and Dagestan. 

While the CIS joint venture has eight divisions, of specific interest to WTEC are 
JP. Kenny Intershelf s Underwater Robotic Systems and Underwater Equipment 
Divisions. This emphasis in the USSR/CIS began in 1989. While it was not clear 
from the business cards which division the panel was visiting, the principal 
discussion topic for the visit was undersea equipment. 

This was only an office visit: lunch was provided, but the team saw no equipment 
or laboratory or production facilities. Although from one to four Intershelf 
representatives participated at various times in the meeting, Mr. Sergey Yu. Karev 
acted as host and moderator of the discussions. 
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Very limited 

JJ>. 


this area. Information pbn bfd in the 
photograph and two drawing* of 



repair, and inspection. 

particularly new technology; such vehicles are operational in the Wbst 


not a 


From these discussions, it was not clear if such technologies have been developed 
in Runia or elsewhere in the CIS. 


bi addition to the brochure pictures of the seafloor RQV, panel members received 
product brochures and saw videotapes for two other ROVs, Fbh 102 a n d F ish 103. 
Work began on these vehicles in the USSR in 1979, so these represented 
technologies imported into the J.P. Kenny Intershelf joint venture. 

/fall 102 is an open frame ROV diet appears similar in design to the ea riyi& antetn 
ROVs developed by Deep Ocean Engineering in Oakland, C a liforn ia. Its 
is roughly comparable with the Phantom 300. Fbh /fltfhiea 100 m 
operating depth and carries a Mack and white TV camera. The price is roughly 
$20,000, and twelve to fourteen have been sold. 


Fbh 103 is a deep diving (6,000 m) BOV that was used to explore 
lost Mike class nuclear submarine Komsomaleb in the Norwegian Sea. For this 



whiteTV camera 
system is provided 
had three purchase inqufeies - from the United Kingdom. 



reeefrrt of the order, 
producers of tourist 
and depth ratings 
joint venture with 


with passenger capacities from two 
The company is prepared to 
of the submarines. 
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Mbfrftllintmw 

Underwater TV System. The team was given a brochure on Intershelfs Diving TV 
Systems (DTVS). Designed for operations to depths of 80 m, these systems come 
with a 100 m umbilical. There appear to be three versions of the camera system, 
with resolutions ranging from 200 to 480 lines per inch. The cameras have a single 
light mounted on top of the housing. The lowest price for a black and white system 
is about $4,000. 

Product Data Diskette. Mr. Karev said that Intershelf is now producing a data 
diskette that describes all Russian suppliers of undersea equipment. He hopes this 
will help in marketing the company’s undersea equipment to the West. The panel 
asked to receive copies of the diskette when available. 


This office of J.P. Kenny Intershelf appeared to be largely concerned with the 
promotional and marketing aspects of its undersea technologies. With perhaps the 
exception of the diver TV system, it did not appear that Intershelf had directly 
developed any of the equipment shown to the panel. Since the major foreign partner 
is a United Kingdom company, there should be good access to western markets 
through J.P. Kenny. 

Although J.P. Kenny Intershelf showed the panel ideas, concepts, and hardware for 
ROV and passenger submersibles, no information was provided about autonomous 
unmanned vehicles. The team assumed that this is not a major commercial 
development direction for Intershelf at this time. 


JJ 3 . Kenny Intershelf. Corporate Brochure. 
Fish 102 ROV Product information sheet ' 
Fish 103 ROV. Product information sheet 
Diving TV Systems. Product information sheet 
Subtour 10/100 Tourist Submarine. Brochure. 
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Site: 



190000 


Date Visited: May 21, 1993 

Report Author M. Lee 



WTEC: 


N. Caplan 
JL Kahreitis 
M. Lee 

HOSTS; 

Andrei Voronov Erector 

Alexander Finkelshtain Technical Director 


Intershelt It is a Joint venture company that pulls together Russian and British 
interests in underwater technology. The British partner is J.P. Kenny of London. 
Russian partners include Promstzoibank and the Moscow State Building Uni versi ty. 

foojscm^ y mining, gas, and oil industries on the continental shelf. The company 
started hi 1990 with three people and has now grown to eleven people. The 
currently produces two products: a hand-held TV camera that is used by 
divers, and a small remotely op e r at e d vehk£a. l nteE s hal f also designs 
electromechanical, optical, ami acoustic pipeline inspection systems. Inters he If 
would li k» to e v olve to include environmental monitoring in the future. 


The product that was most emphasised was the low cost ROV Fish 1QBM. This BOV 
sells for $14,000, inducing cable handling, topside control, and a spare parts 
package. It only weld* 1® Ml and can be launched by hand by ora person. The 
company has sold fourteen of these vehicles to date. 
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kitershelf s other product is a diver-held TV camera and light This is similar to the 
camera and light on the Fish 102 BOV system. 

The team also saw a video of the vehicle Fish 103. This ROV has an operational 
depth of 6,000 m. It was installed on the submarine, Mir, and has been used on 
sever al of th e Mr dives to inspect the sunken submarine Komsomolets. Subseq uent 
to die WTEC panel’s visits, in August of 1993, Fish 103 was involved in three dives 
to Komsomolets, during which time the ROV penetrated die first compartment of die 
stricken submarine, operating there for a total of 8 hours and recording 4 hours of 
video. The panel saw the body of this vehicle in the laboratory. 

Intershelf builds most of the vehicles, including the electronics, in the company’s 
laboratory. 


SUMMARY 

Intershelf is a small entrepreneurial division of a Russian-British joint venture. It is 
positioned to tap into the vast base of skill and knowledge of underwater vehicles 
diat exists in St. Petersburg. It has developed a couple of initial products and is 
beginning to work with Intershelf s main division on marketing, sales, distribution, 
and support for its activities. 

Fish 102M appears to be similar to other current low-cost ROVs on the market 


Intershelf. St. Petersburg Press Release. 

bitershelf: Diving TV - Systems Specifications. Brochure. 

Intershelf. Deep-Water Surveillance Complex Fish 103M. Brochure. 
Intershelf. LC ROV Fish 102M. Brochure. 

Intershelf. High Resolution Side Scan Sonar. Brochure. 
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Site: 
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Date Visited: 
Report Author: 

ATTENDEES 

WTEC: 




May 20, 1993 
M. Lee 


N. Caplan 
A. Kalvaitia 
M. Lee 


HOSTS: 


IfichaslGiezB 
Svetlana Giere 
Igor Brasshxdkofv 
Klapcov Rudolf 
Professor Glosman Mikhail 
Sapelov Pavel 


Director, Chief-Pilot Submarine * 
Vice Manager 
Vice Manager 
MstecdiltB 

St Petersburg Admiralty Shipyard 
Giproribflot 



previously 

concept of 
shin with 


Kharax is one of die 
submersible vehicles, 
designed vehicles. The company has 
maintain vehicles from all over the world 
building an underwater tourism center, 
observation rooms 


to* look for die lost Korean 747 airliner. Company representatives gave die panel a 
book on this operation. The organisation has 8 permanent employees and another 
180 people who are employed in a jobshop structure. 
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RESEARCH JOB) DEVELOPMENT ACTIVITIES 

The company’s main product is a deep diving tourist submarine. A picture of the 
model of this vehicle is included below. This vehicle is being designed to hold six 
persons plus two crew members. The feature that makes this vehicle different from 
other tourist submersibles is that it is beinir designed to go to depths of 300 m. The 
vehicle sells for $780,000! including die launch and recovery system. Kharax will 
also provide operators and support for the vehicles. The company’s marketing 
analysis shows drat there is demand for such a vehicle. 


Kharax also described an underwater tourist center that die company is proposing. 
This center would have accommodations for more than 40 persons; it would also 
have an underwater restaurant and diving facilities. 

Kharax also provides operations support, maintenance, and logistics and planning 
support for existing vehicle systems. 


Kharax is an entrepreneurial organization that has brought together talent, 
experience, and drive, and focused it on the objective of building a business around 
manned submersible technology. The company has its first product design well 
underway. Kharax has a small core of people in the organization’s base, and 
jobshops out as many activities as possible. The company has an experience base 
that includes many innovative new concepts that it feels will bring success in this 
new enterprise. 


Leisure Submersible Apparatuses. Brochure. 
Center for Underwater Tourism. Brochure. 



200 


Site: 


Date Visited: 
Report Author: 



of 


May 17, 1293 
L. Gentry 


WTEC: 

L. Gentry 
R. Seymour 

HOSTS: 

Dr. Tengiz N. Bottom 
Igor K. Abramov 



Expert of the Committee on Defense aid 
Security of fe Supreme Soviet of the 
Russian Federation 


Tne panel met at tne •mbekwv umuuw — ■ 

being farmed by the Yeltsin government to deal with die remediation and cleanup 
of undersea environmental hazards. The meeting was reguested by Dr. Tengiz 
Borisov to appraise die WTEC panel of the plans and present status of this new 


it was convenient for Dr. Borisov, since his offices are in the Kremlin, which was not 
a possible meeting site at short notice. Members of the professional staff of the 
Shirshov Institute were also present, including die director of the institute. 


Dr. Borisov was accompanied by Mr. Igor Abramov, who repres ented the Russian 
Defense a nd Security Directorate and who spoke briefly after Dr. Borisov to present 
a united front for die new committee's menage. The team was impressed by the 
emphasis of the two speakers that a joint concern of both President Yeltsin and 
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Parliament exists, and that both are agreed about the urgency of doing something 
soon. 

The meeting, which was interpreted, lasted about 40 minutes. No technological 
information was conveyed. However, the message was dear that the Russian 
government is serious about the issue of ecological contamination, and also that it 
sees tiie problem as an international concmn requiring cooperative funding. A brief 
discussion between the panel and the two committee representatives to clarify issues 
and identify future activities followed Dr. Borisov's presentation. 


RESEARCH AND DEV&OPMENT ACTIVITIES 

... r- . 

No details on the committee’s plans for research and development were presented, 
although Dr. Borisov implied that they have opportunities to transfer highly 
developed military technologies and systems to support KDPRON’s work. He 
specifically mentioned capabilities to locate artd encapsulate radioactive debris on 
the ocean floor. He said he would provide Mter information on what technologies 
are available to KOPRON later in the week before the panel left Moscow. Although 
he attempted to contact the panel later in the week, no additional information was 
received. He also indicated that he planned to deliver a paper at a conference to 
be held on 6 June at Woods Hole Oceanographic Institute. * A dose working 
relationship has developed between Dr. Borisov and WHOL He indicated that 
representatives of KOPRON were expected in Russia the week of May 24, 1993. 


SUMMARY 

Dr. Borisov described his Committee for Underwater Operations of Special Purpose 
by making the following points: 

- 1 ‘ : -V- ■ : - ; ;j ' " ' - *;;; £ : ; : : ... 

o The committee has recently been formed by the Russian government to plan 
and direct efforts to remediate or eliminate ecological hazards resulting from 
items that have been dumped in the seas (e.g., sunken nuclear submarines 
and chemical munitions). The organising committee will be chaired by 
Dr. Borisov, who personally has over ten years of experience in this area and 
is a corresponding member of theAcademy of Technological Sciences of 
Russia. Formation of the committee will be announced soon in TASS and 
through formal channels to the international community. The committee will 
also soon have an exclusive license to let contracts for underwater work in 
Russian waters. 
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of fiw commit tee includ M.' 

• Ecological Bold weak 

. Mitigating the effects of potential eco-disasters 
. Monitoring the env i ro nm e n t at sites of radioactive and 
materials 


nations. 


of technical consultants will recommend actions that need to be taken. 


Dt. Borisov staled that the w 

the possibility of investing in other projects (it was not dear CfWs meant 
outside of Russian waters^. 

The foundation’s first step will be to establish risks and priorfilfts, and to 
on methods and unique equipment requirements. The fisfiftllSadim will 
also take the early step of ecological monitoring, which will begin in the 
Russian Arctic and at the site of the Jfomsamafefc 

Dr. Botov said that he is not pushing membership in die foundation, but 
l t mtr i tKat "together we can accomplish useful results." In any event, 
will centfeue the work but, if it must operate alone, it ef&do so on a 
limited basis. 


Russian 
26 of this 
nent and 


Mr. Abramov then was introduced to speak for the Committee an Dafense and 
Security. He made the following points: 


He also stressed that although there are 

sps^toa^mentioned agreeme 
the Academy of Science. 
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o "This (the foundation) is a good area for cooperation. It is a good field for 
cooperation between all forces for peace. My committee (of the parliament) 
will be very cooperative." 

o He cited the concern that we are "approaching ecological disaster day-by-day 

and this effort is the best step to take concrete action against the ecological 
bomb that has been set with disastrous consequences for future generations." 

o He also said that "we have a good opportunity to find joint solutions. With 
concrete results in this area we can speak on other areas." 

In foe general discussions that followed, Dr. Borisov asked for assurances that his 
remarks would be in t he WT EC panel’s report Dr. Seymour, the panel chairman, 
then explained that the WTEC charter is to evaluate undersea technologies, and not 
to report on programs or ecological issues. 'However, he was told that his remarks 
might be included as a general site report in the appendices to the report. 

Dr. Borisov mentioned that numerous technologies were available for die planned 
work, but when pressed would not be specific. He did allude to technologies for 
location and encapsulation of radiation sources, and for cutting apart structures 
using explosives. 
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Date Visited: May 19, 1903 

Report Author M. Lee 



N.Gaplan 
A. Kahraitis 
M. Lee 


Oleg M. Paliy Prolessor, Dir. of Tech. Sc., Hea4ef SHp Hull 

and Sttiieti&e Division 

Evgeny L Lapin Head of Foreign Relations Department 


Originally it only did 

wifc for the*Soviet Navy. How work is done at Krylov for all disciplines of ship 
science. The institute has seven divisions: 


1. The Design Research Center. The center stutfes trends in development and 
conceptual designs for ships, and handles the proproposal stages of ship 
design. This division was originally responsible for all shipbuilding in the 

USSR 

2. Hydro- and Air Mechanics Division. This division is responsible for 
hydrodynamic and aerocfynamic testing and design. 

3. Strength, Vibratio n, and Structure Division. This division is responsible for 
design and test methodology for materials, fabrication techniques, and 
structures. 

4. Acoust ics Division. This division is responsible for minimizing noise emitted 
from ship systems. 
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5. Nonacoustic Ship Signatures Division. This division is responsible for 
minimizing electromagnetic noise from ship systems. 

6. Marine Power Plants Division. This division is responsible for all aspects of 
power plant design and integration. 

7. Nuclear Power Plant Division, litis division is responsible for all aspects of 
marine nuclear power plants, including shielding, safety, and control. 

Krylov also has a large workshop and model-making capability that supports all of 
the divisions. 

Krylov has 8,000 employees, 2,500 of whom are employed in research. The institute 
has a very large facility that covers 80 hectares. The institute is considered very 
similar in facilities and in organization to the David Taylor Naval Research and 
Development Center’s laboratories in the United States. 


RESEARCH AND DEVELOPMENT ACTIVITIES 
Tow Tank Test Env iron ment 

Krylov has a wide variety of test environments. There is a linear tow tank 1.4 km 
long, a circular tank, and a tank for testing simultaneous response to wind, waves, 
and current in a seafaring test tank. There te a high-speed test tank for testing 
hydrofoils and other high-speed designs. There is an ice model test tank to evaluate 
effectiveness of ice breaker designs, and a test environment for testing air/water 
interaction for ground effect aircraft, and so forth. There is also a propeller design 
test environment specializing in anticavitation, and air and water interactions such 
as in a hydrofoil design. 

The panel members were able to visit the structural test facility and the pressure test 
facility. Krylov can test and life-cycle full-size structural components. The institute 
has a laboratory with a reinforced floor, reinforced walls, and an overhead crane. 
Krylov has a large hydraulic power source which can drive up to 96 channels with 
up to a total of 15,000 tons of force or 40 to 600 tons/channel. The institute also has 
an automated computer control system and a 3,000 point data acquisition system. 
This facility has the capability of studying crack initiation and propagation using 
acoustic emissions. It also has the ability to control temperature of the material 
under test down to -1 10°C. The panel saw a large structural member that was being 
life-cycled for certification of the design by Lloyds of London. 

This facility is available to subcontract test services at $1,500 day and fabrication of 
test structures for about $0.50/lb. 
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Krylov has a 
testing upfc 


pressure test tank 1.8 m in diameter and 8.8 m de 
retffMME&Btes. widof evde testing at a rate of 18 


testing pressure hulls, they can measure roundness, thickness, and Mi integrity 
before and dihfcig the testing. The panel Saw a 2.4 m diameter titanfom sphere 
certified by the Russian Registry to 4,000 m, which would sell for $1 nOm. 


One alibi taBbtiom ofths institute Is to do Mure artaMdfdedaM 
problem. This helps improve the institute's knowledge of design and testing for 
fhturedwtems. ■■■>’• 3 * 


Krylov is responsible for testing and test metiiodology. The institute's scientists and 
engineers test for the shipbuilding industry, set design rules for deep wat er 
submersibles, and are currently evolving new rules fo£ tits desi$t of icebreakers. 
They also specify the testing methodology for verification of new concepts in ship 


institute would like to use its k 
land-based deep drilling and in 


of structures and testing hi marine and 


Two y ea rs ego Krylov designed and built a 6,000 m ROV called Urwtt It was a 
tethered vehicle that had small vehicles on 100 m tethers operating from it 


The instihlaY tiit frdili 


rid 

also contributing to test 


standards and metiiodology. 


temperature testing. The institute also has a wide range of tow 
inducting a 1,400 m long tow tank facility. These are effectively described In Krylov's 

brochure. 
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Krylov is analogous to the David Taylor Naval Research and Development Center 
in Carderock, Maryland. 

REFERENCES 

Krylov Shipbuilding Research Institute. Brochure. 1990. 

Proceedings of die Last International Ship Structure Congress. Includes two papers 
on Krylov and its capabilities. 

The Marine Engineering Review recently published an article on Krylov. 

"Russian Shipbuilding Standards." Includes descriptions of Krylov's testing methods. 
"International Towing Tank Listing of Facilities." 



208 

Site: 


Appendix B. Site Reports - 


Date Visited: 
Report Author: 


Kurchatov Square, 48 
Moscow 123182 

May 19, 1993 
D. Walsh 


WTEC: 

B. Mooney 
D. Walsh 

HOSTS: 

Dr. George Alekseievitch Gladkov Chief of Department 

Dr. John Iakubovitch Nafikov Chief of Experimental Installation 

Dr. Eugene Petrovitch Kaplar Scientific Advisor of Project “Helena" 

Dr. Viatcheslav Petrovitch Kuznetsov Chief of Laboratory, Executive Secretary of 

ROSSHELF Company 


BACKGROUND 

The Kurchatov Institute, located in fifescow, is cate of two Russian institutes that 
design, construct, and operate nuclear power reactors. There me seven reactors 
currently operating at this site. The institute employs about 10,000 people on a 
campus-like area consisting of 153 buildings. The WTEC team was at the institute 
for about three hours. 

One of the hosts, Dr. George Gladkov, is a recipient of die Order of Lenin, the 
USSR's highest personal award. The award, which designates him “A Hero of die 
Soviet Union," was presented to him for his efforts in designing the icebreaker Lenin. 

The hosts proposed that two topics be addressed during die visit: 

o Deep submergence development on the continental shelf 
o Thermoelectric installations for undersea energy 

hi addition , the panel hoped to get more information about die reactors Kurchatov 
was developing (or proposed to develop) for die submarines/submersible concepts 
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proposed by the Lazurit Central Design Bureau, However, only thermoelectric 
power sources were discussed during the visit. 


RESEARCH AND DEVELOPMENT AC TIVITIES 

Kurchatov’s scientists and engineers had developed one small thermoelectric power 
source and had completed the preliminary design for a larger unit The general 
specifications for these units follow. 


Development of the Gamma 6 kWe power source began in 1970, and the unit 
became operational in 1982. The reactor was constructed by Izot in St Petersburg. 
Although the design is rated for unattended operations at 6,000 m depth for ten 
years, this prototype unit has been operating at the institute in a test cell (see Figure 
Kurch.1). At full power, the life expectancy of the Gamma 6 kWe power source is 
about ten years. Consequently, this unit will probably be retired in the next two to 
three years. 

This thermoelectric power source produces 6 kWe of electricity and 200 W of heat 
energy. It has no moving parts, is self-regulating, and uses natural circulation. 
There are 24 thermionic (heat to electricity conversion) elements in this unit The 
radioactive source is UO a> with less than 20 percent enrichment (and thus is not 
weapons grade material). 

The primary construction material is titanium. There is no problem with operations 
at depths greater than 6,000 m if ambient seawater circulation is used for cooling 
(rather than the present internal freshwater cooling loop). Gamma will fit into a 
cylindrical space of 2.6 m diameter and 6 m height The weight would be 10 to 12 
tons. 

Helena 100 kWe Po wer Source 

This is a proposed power source; none las been built to date. It works on the same 
principles and basic design as Gamma, but has 300 electrical generating elements. 
It also has the same 6,000 m depth rating. The price would be from $6 to 8 million 
per unit (see Figure Kurch.2). 

In addition to the 100 kWe electrical power output, the unit also produces 3,000 kW 
of thermal energy. For on-land applications, Helena would be made of stainless 
steel. Its weight would be 200 tons (100 tons of which is cooling water) and it would 
require a space 4.5 m in diameter and 12 m high. Use of more expensive titanium 
would reduce the structural weight by about 40 percent (4.6 grams/cm 3 ). B A C is 
used as the moderator. The temperatures are as follows: Phase I about 320°C, 



a bou t 4eO°C, a p d Phase IB about 90°C. However, with stainless steel, there 
is no single compcftenthid^ Thus llte unit could be taken to remote 

by a heavy lift helicopter. 


The Kurchatov Institute staff has estimated tbal#te t|pe df unitcould support a 
Russian settlement (village) of 1,080 people, and that there are 18,000 settlements in 


U' i 4 i r * H 


recovery and scrapping would take place. 


wekrht for use in submarines or submersibles. The team did ask about Kurchatov's 


to us by Lasurit), but As Kurchatov representatives were not aware of these 
d e ve lopmen ts. They did state that Mr. Stanislav Lavkovsky, Chief Designer of 
T,t r”“. was a frequent visitor to J&srchatov, and that he was there the day of the 
team's v isit Apparently die submarine/submersible reactor work is done by another 
group at the institute. 

Although Dr. Viatche^^ P^^tch JS^tsc w ^ w^ pme e^j w ^e^ Ea^u tbe 

of this project during this site visit Since this project will use several 
nfl iH iticto ff , both find and in f iuhnannaf thi WTEC panal rnomb^rs it 

unusual that Dr. Kuznetsov did not offer to answer questions regarding cooperation 
b e t wee n Lasurit and Kurchatov. 




Figure Kmch.1. Gamma Figure Kurch.2. Helena 





Appendix B. Site Reporta - 


213 


pressure hulls of two Sierra class submarines that were outside the building hall at 
an adjacent shipyard. He said that they would not be completed and that the hulls 
would be dismantled. 

The briefing began with remarks by die CDB Director, Mr. Nikolai Kvasha. First, he 
made it very clear that a four-hour visit to Lazurit was simply not enough time to 
cover all of the topics listed in the WTEC list of questions. Such an inquiry would 
require at least a week. Since he Celt that die team would receive only a very 
superficial briefing in die time available, the WTEC questions were not addressed 
direcdy during this meeting. 

Because government (i.e., Navy) funding has been cut significantly, Lasurit is now 
busy trying to commercialize its capabilities. But the process is slow and some 
reductions of personnel have taken place; additional reductions are anticipated. 
Director Kvasha also said that the bureau has been receiving a lot of foreign visitors, 
but almost none of these visits have resulted in new business for Lazurit. 

Next Director Kvasha reviewed current activities at die bureau. Some of the new 
directions are: 

o ROSSHELF seafloor-based oil and gas production system for ice-covered 
oceans. 

o Diving support ship. 

o Fishing vessel (there was a model of this on display), 
o Ocean drilling ship for scientific research. 

o Truck-mounted, portable hyperbaric medical system (there was a model on 
display). 

o A variety of manned submersible designs, ranging from a 130,000 ton nuclear- 

powered submarine container ship to a one-person recreational submersible. 

Director Kvasha said there were 30 manned submersibles operating in Russian 
waters and that Lazurit had designed 24 of them. Of die approximately 20 
submarines/submersibles shown fit the conference room, only one seemed familiar. 
This was the submarine rescue vehicle, which is similar to the U.S. Navy’s DSRVs. 

After a four-hour briefing in the conference room, the team had dinner at Lazurit with 
the director and several members of his staff. The team did not visit any otiter 
facilities at this site. 




has given the rights Is the Stockman Field (expected to have 
u products) in the Barents Sea toROSSHELF. The 

^to^m'STthe ROSSHELF group is Academician EJP. Velikhov, Vice President of 
die Russian Academy of Sciences and Director of die Kurchatov Institute (nuclear 
reactors). The Russian group is actively seeking foreign partners to provide 
investment capital and some technology transfer. 

The complex wffl be built at a depth of 100 to SS0 m and will be powered by a 
nuclear reactor on toe seafloor. A nuelasrsufamadne wUl be qonstructedfn ^crew 
transfers and tsrricing toe modules. Several manned submersibles andRGVswill 
be built to assist with seafloor operations and rescue in case of emergencies. There 
also has been some discussion about building a nuclear powered tanker for 
transport 


submersibles, needed to support the complex. Major issues now include toe 


Einsiisig] 




for some of the seafioor modules in the complex. 




to transport toe produced gas. 


toe co nv ergence of several 
tever been done. 


For testing ROSSHELF plans early creation of an "experimantal-and- 

tfbSple* rated at 10% erf the planned capacity of toe field, to 
include U.S. and otter international participation. Once funding has been secured, 
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it is estimated that full development of die first industrial seafloor complex will take 
10 to 12 years and approximately $18 to 19 billion. The pilot complex could be 
completed in 7 or 8 years at a cost of about $2 billion. Both of these time and cost 
figures may be optimistic. 

Ocean Shuttle 

The Ocean Shuttle is proposed as a built-for-the-purpose , nuclear-powered 
oceanographic research submarine. It is to be a 1,300 ton, 600 m capable 
submarine, carrying a crew of twelve plus eight to twelve scientific staff persons for 
a maximum mission time of sixty days. One of the models on die conference table 
was of this submarine. 

This originally was a joint USSR-Canadian program. Lasurit planned to design the 
hull and major operating systems, which would be built in the Soviet Union, and the 
Canadians would supply the nuclear reactor. Unfortunately, die breakup of the 
USSR resulted in this program being postponed indefinitely by the Canadians. 

However, in die United States On the Office of Naval Research and at the Woods 
Hole Oceanographic Institute) there has been some interest in getting a retired 
Soviet nuclear submarine and converting it for horizontal oceanography. The Lazurit 
Design Bureau believes that a newly built vessel would be cheaper and more 
efficient The estimated cost for the Ocean Shuttle would be $100 to 160 million if 
the Canadian reactor were used and $60 million if a Russian reactor were 
substituted. When asked about the latter, die team was told to obtain this 
information from the Kurchatov Institute. 

The team was shown a brief video tape that showed some artists’ sketches of the 
Ocean Shuttle. Of interest was their showing as one of die key program documents 
an American study on die marine science rationale for this submarine. As the 
narrator said, it was done by Don Walsh, a member of this WTEC site visit team. He 
did this work about three years ago for ECS Group, the Canadian company that did 
the nuclear reactor development 

Although it appears that this proposed project is still in the conceptual stages, it has 
a lot of powerful friends in the Russian oceanographic community. However, the 
funding for a project as large as this must come from die West 

Dixomozgmg sunp riinonti 

The submerging ship platform was developed to find a way for submersibles to work 
under ice or in areas of heavy seas, and to be safely launched and recovered at 
each end of die mission. It is designed to be a launch and recovery system that 
would permit manned submersibles to fly off the deck of the ship while submerged. 
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am shnply too uncertain. Lasunt 


in inarmed submersible*; its 


type of glass, developed by the Bytov Institute, has been successfully used in 
military helicopters. Lasurit has developed the en^neerbig design of its first all- 
glass submarine. With a capacity of forty-eight passengers and diesel-electric 
propulsion, the submarine would require about two years to build once an order is 
received. 


submarine indwtty has done fnriy well in the West, the 
bureau needs to be careful with its market analysis. Us market for large tourist 
submarines (forty to fifty or mate passengers) is mature, and probably no nun titan 
ten remain to be sold in die world. Lasurit should concentrate on the smaller (six 
to t wen ty passengers) tourist submarines where there is still considerable sales 
opportunity. 


Lasurit designed the Ptmekhn class DSFVs now in use by the Russian Navy. Four 
operational and one experimental models were built The DSKVs opereiein pairs, 
generally carried onboard an Jheia class submarine. They are capalseef launch 
and recovery while the submarine is submerged. The team was shown a video of 
a simulated rescue mission. 
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The team was told that normal navy procedure is for the crew of a downed 
submarine to escape by locking out at depths down to 120 m. Beyond this depth, 
to a maximum of 600 m, the DSRVs are used. The current vehicles can carry twenty- 
four passengers and a crew of three. 

One of the design models in the conference room was an advanced version of the 
DSKV, none of which has been built It probably Iras a greater depth capability and 
more passenger capacity than the current models. 

In addition to the naval rescue submersibles, the team was shown a design and 
model of a rescue vehicle to be used for emergency removal of people from offshore 
oil platforms or from seafloor complexes such as those envisioned in the ROSSHELF 
project The submersible lifeboat would be based onboard the platform and transfer 
Operations would be conducted submerged. This requires drat the underwater 
structures be fitted with passageways for emergency exits and hatches compatible 
with Ihe submersibles. The proposed rescue submersible would have a forty-two 
person capacity and twelve hours submerged endurance. 

Air Independent Propulsion 

Lazurit designed a conversion of a diesel-electric submarine (probably a Whisky 
class) to be powered by an H,-0 2 fuel cell. Ihe liquefied gases were carried 
topside in four large cylindrical tanks, two forward and two aft. Some weight 
compensation was achieved by removing most of the submarine’s storage batteries. 
Lazurit said that submerged endurance was increased five to ten times with this 
propulsion system. The panel saw a video of this submarine in operation. The most 
recent operation of this experimental submarine was in 1091. 


Because the visit was brief, panel members did not have an opportunity to discuss 
all title submarine/submersible designs, concepts, and models that were in the 
conference room. Some of file others that were briefly mentioned were: 

ROSSHELF Mother Submarine. As noted above, tills would be a nuclear-powered 
submarine designed to support the seafloor operations of the ROSSHELF complex. 
From its general size and mission requirements, it appears that the submarine design 
would have much in common with Ocean Shuttle. 

9.000 M Depth Submersible. The panel saw a model of this submersible on the 
conference table but was not briefed on it due to lack of time. It was generally 
known that the Soviet Union, through its P.P. Shirshov Institute of Oceanology, was 
planning to develop a submersible to go to the oceans' deepest depths (about 

11.000 m). This model may have represented that design concept. 




the Trans-Siberian Railway would be about eight days, the railroad waa described 
as "not folly satisfactory far this service." 




involved in a wide 

IntiBBh is able to invoke a wide 
technologies that are coming to toe commercial i 
q ues t i on is whether the bureau can develop sustaining programs to avoid damaging 
reductions in personnel. A major difficulty in making this conversion from military 
to civil work is being able to effectively market the bureau's capabilities. 


for tbs 1 lintf: tone. The 



The scope of projects 

or proposed, by toe bureau was very impressive and educational. 
However, at best, toe visit was only a reconnaissance. Knowledge of technical 
details would require several more days' work at this site. The director extended 
an invitation for a more extensive visit. 


At toe conclusion off toe meeting the team requested brochures or papers on toe 
various underwater systems that had been shown. The teem was informed that 
muob wv notenhmidatids tkria. Soma broch ure s w a re provided with the promise 
that a foil package would be sent to the team in Mos cow b efore toe mad of the 
week. However, this package did not arrive before toe WTEC team left R u s si a. 


Lasur# Central Design Bureau. Product description brochure. 
Published materials on ROSSHELF. 

Brochures for two designs of tourist submarines. 

Brochure for toe underwater container ship. 


id 
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Site: 


Malaolite 

St Petersburg Marine Engineering Bureau 
uL Frunse, 18 

04 " * 1 00 1 M 

9L rranDuiy iwioo 


Date Visited: 
Report Author 

ATTENDEES 


May 18, 1993 
M. Lee 


WTEC: 


N. Caplan 
A. Kalvaitis 
M. Lee 

HOSTS: 

Anatoly V. Ruteinikov General Designer and Director 

Vladimir I. Barantsev Chief Designer 

Vitaliy A Ostapenko Chief Engineer 


Malachite is reputedly one of the leading firms in Russian underwater shipbuilding. 
Malachite's scientists and engineers built the first Soviet nuclear submarine, the 
Leninsky Komsomol. This was a classified operation until recently. The firm is now 
participating in the defense conversion program and is interested in making its 
capabilities available to the world market. A systems design house that partners with 
other organisations that develop subsystems (acoustics and electronics design 
subsystems, for example), Malachite has experience in the design and fabrication 
of several different types of submarines, submersibles, and underwater work 
mechanisms. 

At a conference held in Birmingham, England, in May, Russian military technology 
conversion was displayed for Western buyers. Malachite was unable to show the 
WTEC team some of the firm’s hardware because it was at this conference. 
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Malachite has ds e lg n ed and built a towed submersible, Thotu-H (sometimes 
translated from the Cyifihc as Th*tis-N), which is used to assist in improving the 
uffei tlfinsM of fishing trawlers. The vehicle, wh i c h is towed behind the net, is 
steeralde tp and down and left and right. The man inside of toe vehicle ca n ass ess 
toe yU s tti i n o n n nn of toe fishing process and can relay instructions to toe surface to 
stow toe net ft is also used to observe fish type and behavior, and to correlate this 
data to a co ustic signatures as heard from the ship. 


Tbs objective of toe man in toe sea project is to leant how to allow man to operate 
down to 800 m while using only a light diving suit Malachite has a tost chamber 
that is outfitted with video cameras, wfckto aBow experimentation with animals to 
develop mixed gases and decompr es sion tech n i ques . As a result of this program. 
Mal achite ’s scientists and engineers have been able to send divers to 600 m depth. 
They have built and operated an underwater habitat that operates to 300 m depth 
and can hold up to twelve scientists. 


A new 6,000 m submersible Rus is being built by Malachite using a welded titanium 
sphere, silver sin e batteries, and Russian-manufactured light-weight syntactic foam. 
The firm estimates that this vehicle could be reprotoiced for apfiftillllMlely $1 2 
miiHrm Malachite feels that it brings an expertise in wehfing thick titanium, an 
to tos fl jM iyti i Mi k y. The Raa is being buflt for the 

This vehtets is 




Malachite hse last tank capririlities to testa 2.2 m diameter down to 6 Inn depth and 
2£ m diameter down to 4 kmdspto. 


Malach i te has a submersible mounted drill that can drill and recover toe core from 
a, 80 mm x 3 m hole, 

SubRMHflrie OO Tanker 

Malachite proposes to de^gn a submersible oil tanker that could carry oil from 
northern Canada to Japan of Korea via toe polar under-ice route. This vessel would 
be nuclear powered with diesel power as auxiliary for use near populated areas. 
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Tourist Vehicles 

Malachite is interested in designing underwater tourist vehicles of various types. 
Underw ater Vehicles for Sunken Log Recovery 

Malachite has designed and fabricated underwater vehicles for the recovery of 
sunken logs. These vehicles are lowered to the bottom. They have a manipulator 
that picks up the logs from the bottom. Some of them have a manipulator and a saw 
to cut standing lumber, then retrieve it The vehicles use force feedback on the 
manipulator through a joystick operator interface. 

Hbcfh 2 

The North 2, a 2,000 m manned submarine, was designed at Malachite. 


Malachite is a large scale systems designer and integrator with a lot of expertise in 
submarine, submersible, and underwater work systems design and fabrication. The 
firm has ties into a network of other organizations that can participate in marine 
system design and fabrication. The firm's scientists and engineers are not working 
on ROVs or AUVs because they see no demand. 

Until recently, all of Malachite’s contact with the outside community for technology 
has been through a company named Sudoexport. This work is now handled by 
Defense Export. 

Computer-assisted design (CAD) is Malachite’s most needed and requested 
technology. Malachite’s scientists currently use personal computers for computing. 


Market literature that describes the specifications for each of the projects included 
in this report is available from Malachite. Projects included are: 

Rub (autonomous manned submersible) 

Thetis-H (underwater towed manned observation vehicle) 

Conself (underwater autonomous manned observation vehicle) 

Argo-1 (underwater excursion complex) 

Argo-2/4 (underwater excursion complex) 

Argo-3 (underwater excursion complex) 

Triton (manned submersible) 

Sadko (underwater passenger complex) 



Pyraitfa (small diesel-electric submarine) 
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Site: Ooett«dbor 

Research ind Production Company 
Chkalovsky Rr. 49 
St Petersburg 187928 


Date Visited: May 20, 1993 

Report Author A Kalvaitis 


ATTENDEES 

WTEC: 

A Kalvaitis 
N. Caplan 
M. Lee 

HOSTS: 

Juri Koriakin 

Stanislav A Smirnov 

Arkady A Soloviev 


BACKGROUND 

Oceanpribor combines a research center arid two manufacturing plants. It was 
originally formed 60 years ago as a government controlled enterprise. The primary 
function was to design and fabricate acoustic systems for Navy ships and 
submersibles. A company was formed in 1973 to market these devices under the 
trademark KOFVET. Oceanpribor considers itself die leading organization in Russia 
specializing in acoustics, and participates to fundamental and applied research. 
There are presently a total of 4,000 employees, including 2,000 scientists and 
engineers working in the Oceanpribor Research Center. Oceanpribor also designs 
and produces consumer products, including commercial acoustic systems, 
amplifiers, and record players. Under the defense cbnversion program now 
underway, other equipment developed here includes underwater stationary systems 
for environmental tracking and surveillance; hydroacoustic equipment for research 
vessels; multi-purpose sonar and positioning systems for manned and unmanned 
underwater vehicles; resources and equipment for ship-bom prospecting and 
development; and systems and devices designed to address the problems of marine 
engineering and geology in continental shelf development, as well as for 


Engineering Dir., Doctor of Science in 
Physics and Mathematics 
R&D Director, Doctor of Science in 
Physics and Mathematics 
Head of Foreign Relations Department 
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a large 

measurements. 


isolated tank for conducting in-water acoustic tests and 


i in water, are 

conducted at this center, and the specialists are at this location. They cooperate 
with 100 other institutions and subcontract work to these groups. Basically, 
Qff sanprihor Research Center is responsible lor the design, devetopnertf, said 
pr o totypi ng of hydroacoustic devices, while production is conducted at other 
Oceanpribor ft riHfan and outside locations. In the United States there are many 
companies in this specialty area. 


a museu m # a display of underwater acoustics e qu i pmen t an d dev ices, the large test 
basin r amp fa w , and a demonstration of co mme rcial sotmd CHiFl") equipment. The 
museum depicted a history of hydrophones and the underwater acoustic devices 
dating to 1933. Displayed were models of large passive sonars installed on their 
submarines. Also shown was a series of bottom mounted hydrophones that are 
activated by ship’s noise, and a model of a large, rectangular-shaped hydrophone 
array for long range tracking . 

The team was also shown an extensive exhibit of miscellaneous equipment that had 
b oon a defense cMasa fe o conference held earlier in the week ami 

at t e n ded by representatives from former Soviet and eastern European countries. 
sirt* scan transducers, responders, towed arrays, and expendable sound 
velodmetezs, sound reflectors, and other miscellaneous underwater sound-related 
d e vic e s were displayed. Some of the performance s pe cifications were in English 




capability at 2 to 18 lines/sec, as well as date transmission capability 
bits/sec at ranges ofStolSkm. 

Next the team was shownthe large acoustic test basin complex that la used for 

it components, and transducers. Speci fic a tion s are 
dimensions of reservoir 80 x 14 x 10 m; frequency range 0.2 te OOO kHt; 
OJft^ttioustte noise level of not more than 0.08 Pa In one-third 
range; and accuracy of reading Je 10 mm using linear 
and £ mteaites using angular coordinate devices. 




and little distortion. 
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By using complex reflector systems, the side scan antennae exhibit no side lobes 
and can be packaged in small volumes. Side scan capability can be applied to 
towed, remote (both ROV and AUV), and manned vehicles. A 268 kHz multibeam 
Doppler velocity log has been developed that can measure ship velocities in deep 
water (down to 6,000 m) accurately by bottom tracking instead of tracking on water 
mass. It is unclear how this capability compares to Western systems (e.g., acoustic 
Doppler current profilers that can measure current velocities at various depths 
simultaneously). 

In the area of tracking and positioning systems, die center has developed long, 
short, and ultrashort baseline systems. Oceanpribor’s positioning systems work at 
depths from 80 to 6,000 m at ranges up to 12 km; they are similar to those of 
Honeywell. Some of these have accuracies of 0.3 m, utilize different frequencies, 
and can change codes. These can operate several days to years in duration. Their 
systems are compatible with SIMRAD and other equipment. 

We discussed teleoperation, data transmission over large distances, and telemetry 
capabilities. There is no problem with large amounts of data telemetry over short 
distances; however, at ranges of 100 to 400 km, the sound channel is used. 
Oceanpribor is developing algorithms that will work in the multipath environment; 
this is a major undertaking that may require cooperation with specialists from many 
countries. 

Oceanpribor recognizes the limitations of its computers; to compensate, the center’s 
algorithms are required to be very efficient Its software designers must understand 
the physics of the system and implement the real-time software. 

Looking into the future, Oceanpribor envisions geology and oil and gas exploration 
as areas of interest. The firm also anticipates that considerable support of the 
Russian Navy will continue because Ukraine presently has most of the ships with 
hydroacoustic capability; therefore this capability will have to be reestablished. (The 
panel was told that a similar group to Oceanpribor is being formed in Ukraine). 
Even though Oceanpribor’s ocean acoustic technology was previously classified, it 
can participate in international projects if they are not defense related or if 
intergovernmental agreements are concluded. 

In summary, Oceanpribor claims it is the largest Russian company spe cializin g in the 
design of underwater acoustic systems for world ocean resource exploration, deep 
hydrographic surveying, and oceanographic research. Oceanpribor would litre to 
collaborate with foreign companies to design and manufacture new hydroacoustic 
systems, export existing products, conduct tests and calibrations in its unique test 
basin complex, and establish cooperative production activities and joint ventures. 
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Site: 


Date 'Waited: 



SSIMtanvaSt 
Moscow 117218 


TWknhnna- MMLIfiLMM 
TWISpnOBIK 

Talas: 411968 OCEAN SU 

Fkc 096-124-6867 (or 8063) 

May 17, 1993 


Report Author: 


D. Walsh 


ATTENDEES 

WTEC: 

L. Gentry 
B. Mooney 
R Seymour 
D. Walsh 

HOSTS: 

L. Savostin Director 

V. Demchenko Vice Director 

Dr. A Godov (meeting coordinator) 

(and about 12 other senior staff members) 


• ] ij c i * 


The purpose of die meeting was to provide theWTECteam with a general familiarity 
with the P.P. Shirshov Institute of Oceanology, which la the primary oceanographic 
research institution in Russia. This took a little over an hour, with die director 
conducting most of the briefing. A more in-depth visit to Shirshov was made later 
in the week by a three-person WTEC team. Some of the information that is in die 
report below was repeated at that time. * 

Dr. Tengiz Borisov briefed die team on the work of KOPRON, the government’s 
Special Committee for Undersea Work, for which he serves as chairman. 


PJ\ Shbshov Institute is 
employs 3,000 people it 


of Sciences. The institute 
St Petersburg, Kaliningrad (Bsltie base), 
i. The institute formerly 



or fin lisnQiMT Tite<aiCQfcow headquarters is divided into four branches: 
biologieali’Biarine gsok>gy,Rydrophysics (which includes acoustics and physical 
oceanography), and technical (instrumentation, submersibles, etc.). 

The institute's 
with the 



restrictions by Western countries and other . 
bureau cracy. Thni hi institute was forced to do Us cent d esign , development, and 
construction. White this activity was driven by necessity, it also helped to stimulate 
the development of same unique devices ttud may now be of interest to die West 

At the time of the WTEC team’s visit much of Shirshov’s operational programs and 
technology development work is shut down or greatly reduced due to severe budget 
limitations. As erf the previous December (1982) ad of its vessels were in storage; 
only minimal standby maintenance was being performed. An idustradon erf die 
institute’s present difficulties is its newest class (1988) erf research ships, whkrftwere 
Assigned to be super quiet t foracoustics work. The two ships are Vavifaff and Ioffe. 
Already Ioffe has been leased to a German company ter use as a passenger vessel. 
It is feared that Vaviloff may also have the same fete. 

The institute has ten research ships. Sis are specially built for oceanographic 
f snd two are capabla of supporting manned submersibles . The institute has 

■be operational submersibles: 


o 

© 

o 

o 


2 Mr class, 6,000 m depth capability (made in Finland) 


1 Osmotr class, 300 m depth, with diver lockout to 200 m 
1 Argus class, 600 - 600 m depth 


_ __ _ _ _ _ The Mis have been 

quite active until recent budget cutbacks. Osmotr is for sale. Argus primarily 
operates in the Black Sea. 



complete. Our hosts esthnate that about $1.2 mUUan is required to complete 
construction. These are of all-titanium construction and have been designed and 
built in Russia. The institute Is actively seeking a Western source of fending to 
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complete this project. Shirshov has indicated that it would offer one of the two RiJfis 
to the investor as payback for the $2 million funding. 

However the news is not all bad. The director said that the institute now has two 
years work for the Akademik Kheldish and its two Affirsubrnersibles. This will be a 
joint mapping expedition in the Kara Sea with Woods Hole Oceanographic Institute. 
Some U.S. Office of Naval Research funding is involved in this international 
expedition. The director said that ONR and WHOI representatives would be at the 
institute the next week to discuss program details. It appears that this work may be 
connected with surveying the nuclear waste sites in this area (see WTEC site report 
on KOPRON briefing by Borisov). 

After die Kara Sea work, there will be another expedition to the Laptev Sea in 
cooperation with the German Oceanographic Research Institute at Kiel. 


SUMMARY OF DISCUSSION 

The director (L. Savostin) is optimistic that he can find fun ding to keep the majority 
of the institute's programs and facilities going. He told us that he had met with both 
die Prime Minister and the President, and was assured dial support funding would 
be available. 

In subsequent correspondence with the panel, Mr. Savostin noted that the institute 
is active in developing new robotics technology for a global ocean observing system 
and for long-term underwater ecological monitoring, and welcomes international 
partnerships in these fields. 
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Date Wsite± 


May 20, 1993 
D. Walsh 


ATTENDEES 

WTEC: 

C. Brancart 
B. Mooney 

D. Walsh 

HOSTS: 

L. Savostin 

V. Daxnohenko 

Dr. Vyacheslav S. Yastrebov 

Dr. Lev L. Utiakov 

Dr. AN. Paramonov 
Dr. Alexander B. Kostin 

Yuri S. Russak 

Dr. Alexandre B. Zaretsky 

Dr. Lev Meridin 

Dr. Alexandr A Gorlov 


Director 
Wee Director 



Vehicles (farmer Director of PJ>. SWrehov 
Institute) 

Laboratory Qtlst Long-Term Bottom 
Stations, Sensors, and Electronics 
[Wee Director for Technology as of 12/93] 

Underwater Robotics and Instrumentation 
Dav a V y ww t 

Principal Scientist, Deep Tow Systems, Side- 
Scan Sonars, Signal Processing, and 
Transducer Developments 

Principal Scientist, Signal Processing. Side- 
Scan Sonars, end Transducer Developments 

Senior Research Scientist, Design of AUV 
Systems and Control Program Software 
Development 

Senior Scientist, Geophysics Signal 
Processing, High Res olut i o n Array Design, 
mid Signal Processing 

Principal Scientist, Deep Submersibles 

Engineering, Pisces Pilot (mtg. coordinator) 
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BACKGROUND 

After an initial briefing period in the auditorium, the team spent about four hours at 
die institute. Most of the time was used to visit various offices and laboratories to 
view, demonstrate, and discuss equipment 

This site visit was very well organized. Upon arrival the team was taken to a 
conference room where each staff member fo be visited gave a briefing on his 
research work and recent developments. This took less than an hour and was very 
useful in giving an overview of activities related to team member’s interests. 

There were four briefers whose laboratories or bureaus the team did not visit this 
morning: 

o Mr. Victor Brovko, who was with the institute from 1966 to 1976, when he was 
responsible for die design and construction of seafloor habitats for divers 
(e.g., Chemamor), AUVs (in Academician Vyacheslav Yastrebov’s laboratory) 
and manned submersibles (e.g., Argus). Since 1970, Mr. Brovko has been 
with the Experimental Design Bureau of Oceanological Engineering, which 
t was then part of the Shirshov Institute. He is presently Science and 
Technology Director of the bureau, which is now independent The team 
visited his bureau later this day. 

o Mr. Eugene Pavijutchenko is the Chief Engineer of die Experimental Design 
Bureau. He has worked on die submerBibles Argus (1976), Osmotr (1986), 
and Rift (two are currenfly under construction). 

o Mr. Sergei Surkachin works in diving, diving methods, and underwater 
habitats. He is doing a joint project with die University of Maryland for 
scientific diving operations in the Black Sea, in Lake Baikal, and in the 
Chesapeake Bay On die United States). He said that die Russian State 
Committee on Science and Technology and the U.S. National Oceanic and 
Atmospheric Administration (NOAA) have an agreem ent for scientific diving 
cooperation. His group hopes to get a mission in NOAA’s seafloor habitat 
Aquarius. 

o Vladimir Kuzin is chief pilot of the 2,000 m Pisces (there are two of them) 
submersibles. He said that they have successfully tested a hydrazine energy 
source to depths of 6,000 m. (This is probably the system that is now being 
offered commercially by Rauma Repola in Finland). During die conversation, 
our hosts mentioned possible work underway elsewhere in Russia on 
materials such as acrylics and glass for manned submersible pressure hulls. 

With respect to die general state of the PJP. Shirshov institute of Oceanology, please 
see the preceding report, which describes the team’s first visit time on May 17, 
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1993. At the time the team was briefed by the director, however, he was unable to 
join us for this site visit As with most of the site visits, there was for more 
traftt^ *h ar> ♦*«*”» wea enun to evaluate it TW» was 

especially true at Shhihov, where there was a gemote eagerness totefl foe team 
about projects, hardware developments, and ideas fornew research directions. 


This section is or g ani s ed in the order of the 



on hiswotfc. 
but in foe pe 

WOIXuly OH 


hydroacoustics data 


vMted. 


more detailed briefing 
years, 

ftmding. So foe institute 
of making additional 



robots," that is, autonomous 


of these 


submersibles will be for biological monitoring and measurements of the general 
oceanographic environment. 

An important first step is progr a m m in g the vehicle. One approach is to provide the 
AUV*s onboard memory with “genetfo Woimation" aboutfoegenetal/generic nature 
of foe mission. As wifo ofosr Al^^^^^foi|^^n^ora^i^ i^a lso be 



mission and programmed back into it to increase its "teaming curve" and collective 
lnteUJgenc#. 


ideas. The team wettthtei tscfos la bo r a tory and shown 
several teat tuna on a computer screen. They have developed sine training 
programs of varying comptesfoy. The simulated AUV fe fitted wifo forward-looking 
and vertical sonars for terramfoitetiie avoidance and maintaining foe programmed 
altitude above foe seafloor, hi practice they will be able to maintain navigation 
accuracy to within 7 m at the seafteor. 

The team was also shown two qaologica l s ampling devices tty had been 
constructed for use onboard foe Aflr ($£00 m) manned submecsfotos. These 
hydraulically operated units are a rock coring device and a rock breaker. The 
co ring dedoe has soc cesafUBy dritted M em cores in basalt from a Aflr operating 
near foe Aroros. 
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Mr* Yastrebov also mentioned a 6,000 m towed sled developed by Shirshov that 
carries side scan sonar as well as TV and a still camera. He indicated that the team 
would see more details on this system during visits to die other laboratories and 
offices. 



ht addition to the data processing of signals, Mr. Yuri Russak’s group is involved with 
development of die transducer elements far die side seem sonar and the imaging 
systems for the 6,000 m towed fish (with a 10,000 m umbilical). 

The onboard low light level, black and white TV camera has a threshold of 0.006 lux 
using a sqpervicficon tube. With the lighting avaftalie on the fish, the maximum 
visible range is about 20 m. The institute does not have color TV since the line loss 
(over 10 km umbilical length) Would be too great 

The photography is done with a two-camera, color stereo, 38 mm system. The film 
magazines hold 3,000 exposures/frames. A strobe flash provides lighting for the 
cameras. 

This fish was used to investigate the wreckage ot the Afifce class submarine 
Kanuamaleti which is lying on its side in 1,400*1 of water. A photograph of the fish 
is enclosed with this report (see Figure Shirshov.!). 



Dr. Lev Utykov showed a variety of electronic devices developed and made by his 
group. Of particular interest is a family of electronic chips that can be used at 
ambient pressure to great depths. These chips have also been successfully tested 
by boiling in oil and freezing with liquid nitrogen. He believes that ambient-pressure 
electronics (either exposed to direct depth pressure or in pressure-compensated 
containers) will be the way to put much greater computer capacity into vehicles with 
minimal weight penalties. 

Another equipment development that Dr. Utykov’s group has worked on is a 
hydroacoustic transponder/beacon system for to divers and marine 

mammals. In both cases it could send physiological and location data back to the 
control facility. It could also be used to warn a diver about unsafe co nd it ion s 
(exceeding dive time at depth, onset of nitrogen narcosis, etc.). Presumably a 
marine mammal that has had conditioning training could be controlled via long 
distance acoustic transmissions. 
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FlUtt* Shinhw.l. Photograph <* Fish 


Mr. Lot M«# » discussed his development of lower-cost, smaller geophysical 




Us goal 


long towed array using sensors that sue only 20 to 28 mm in diameter. A micrqjet 
wrmM transmit a hroad-band. complex signal. However, cable seif-noise 
is a problem when the operator uses a very thin cable with built-in multichannel 
hydrophones. 
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SUMMARY 

Since the WTEC team’s visit to the institute was really a series of visits to several 
offices and laboratories, this summary is a synthesis of these activities. There was 
no single summary meeting before the team left 

The entire institute suffers from a greatly reduced level of investment from die 
government agencies that had been the principal source of support. This is forcing 
the various components of Shirshov to review what they know how to do, what they 
can make, and what can be sold outside Russia. In addition, a vigorous effort to 
seek cooperative research programs with foreign scientific agencies and institutions 
is evident Since the P.P. Shirshov Institute of Oceanology is well known and 
respected throughout the world, this path of cooperative arrangements may be the 
most promising direction in the near term. 

The team saw quite a few innovative technology developments during this brief visit. 
With a proper marketing approach, there could be success along this path. The 
director of the institute seems to be aware of these opportunities and plans to 
develop an organized catalog of their capabilities to be used as a marketing tool. 
Hopefully, professionals selected from the institute will be able to attend some of the 
major ocean trade shows in the world to make the larger community aware of what 
is available from this source. 

Unfortunately, economic conditions in Russia may get worse faster than such 
organizations are able to develop means of self support Considerable institutional 
downsizing will be an almost certainty. Hopefully this can be done without 
significant loss of the intellectual and physical assets that have made fids a major 
oceanographic institution in the world. 


Rock Coring Device That Can be Mounted on Submersibles. Brochure. 

Underwater Hydraulic Breaking Device That Can be Mounted on Submersibles. 
Brochure. 

6,000 m depth towed sled for ocean floor. Photograph. 
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Date Visited? 3 
Report Author: 



Iftll 26 


May 19, 1993 
A Kahraitis 



M. Lee 
HOSTS: 

Dr. Alexander Zavalishin First Deputy Head. Chief Engineer 

Nickolay A Noesov Deputy Chief Designer 


The Central Design Bureau for Marine Engineering^ (RUBIN) sperialises in 
submarines a nd other underwater tedncdogie9> Several years ago, KUBINwas a 
secret fas rt i tu t s that could not be mentioned openly. The Typhoon, Oscar, and 
JEbmscvncyafe submarines were designed hoe. Because ofrecent conversion efforts, 
approximately 40 percent of the work is presently defense related, with major thrusts 
in the part unvuml years concentrating on high-speed train dev e lopm e n t , notunilltary 
s ubmar ines, and tourist submersibles. RUBIN designed the only Russian tourist 
submersible now in service, which began operations in 1993 at the island of Antigua 
in foe Caribbean. Other defense companion activities have focused on areas in 
whichRUBSN has expertise: coal and nuclear power stations; floating power stations 

for foe northern parts of Russia; gas and ofi exploration and production; and 
participation with ROSSHELF, which has U.S. company partners. The team was told 
th at about 2,000 employees work at this location. 

A salient feature is tint RUBIN has strong connections to former Soviet Union 
countries. RUBIN has created a broad spectrum of organisational expertise that is 
incorporated in books and on a computer database. In addition, RUBIN has had 
extensive at-sea experience with sunken submarine investigations. 


4i^f- i - 
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RESEARCH AND DEVELOPMENT ACTI V I TIES 

The team was given a briefing on RUBIN that focused on the bureau’s 
responsibilities regarding the Konmamatets nuclear submarine that sank in 1,700 m 
water off Norway in 1989. Mr. Nikolay Nassov, the submarine’s designer, informed 
the team that RUBIN is heading a team of forty Russian institutes, organizations, and 
companies that are studying die submarine. Concern was expressed that radiation 
could leak from missiles and contaminate a large area because of the aperiodically 
high (up to 1.5 m/sec) currents in the area. RUBIN planned to attend the 
Radioactivity and Environmental Security in the Oceans Conference at Woods Hole 
Oceanographic Institution on June 7-9, 1993 to describe the environmental monitoring 
program on the Komsomolets submarine. 

Two videos (including an ABC newscast) and numerous pictures of the submarine 
that were taken by the Mir 6,000 m submersibles were shown to the team. Also 
present at this meeting was one of the Mr pilots. Two remotely operated vehicles 
designed for operation from the Mr submersibles while inspecting the submarine 
externally and internally were described. Specifications on these ROVs were 
provided by Intershelf. See M. Lee’s site report on Intershelf for more information. 

The WTEC team’s hosts from RUBIN described two versions of gamma counters that 
were specifically designed for radioactivity measurements at die submarine site. 
These designs use sodium iodide (Nal) gamma detector. One version is attached 
to the Mr submersible and measurements are made directly; die other instrument 
is configured so that it can be inserted into the submarine hull and record da ta for 
a one-week deployment. 

RUBIN was responsible for leading the development of selective absorbents of 
radioactive nuclides, including cesium, uranium, and plutonium. These absorbants 
were developed by the Nizhny Khlopin Radiation Institute of St Petersburg and the 
Arzamas 16 Russia Nuclear Center near Nizhny Novgorod. These absorbants are 
used in conjunction with the Nal gamma counters to provide a complete 
measurement of the radioactivity. 

There have been three expeditions to die Komsomolets site. Two expeditions were 
organized by RUBIN. However, the first one was conducted by another institute that 
may have used an autonomous undersea vehicle called the MT-88. This 6,000 m 
capable AUV was developed at the Institute tor Marine Technical Problems in 
Vladivostok. RUBIN recognizes the high cost of conducting operations with large 
ships and the need for automated systems. 

RUBIN has created a working group of many firms and institutes «*pa ble of 
investigating radioactive objects on the ocean bottom. Having been responsible for 
many of the designs, the institute’s scientists are very knowledgeable of the object, 
can conduct the necessary sampling and experimentation, and can predict the 
effects. 
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Date Visited: May 11, 1993 

Report Author D. Blidberg 





D. Blidberg 
HOSTS: 

Alexander Krupsky 
Juxi Mordovski 



Telephone: 098 924-1684, 921-6396 
Fax: 098 924-1684 



been developed at the institute. An overview 
presented and (hen various ap p licati o ns were 


and Hs activities was 
by members erf the 
Theinstftute 


was represented as the organisation in _ 

computer hardware and software. It did not build mihy of tire subsystems, but 

* * ” ft seemed that the 


as well as the 


missile warning system. Recently some of thoee a^plteshons (such a 
warning system) were unclassified, but many of die sonar and radar processing 
applications remain classified. 

NQVK was founded in tt» 1990s to develop computer hardware and software 
systems. In 1976 the iratftute moved to its current location. NQVK has developed 
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four to five generations of large computers (supercomputers). Originally the institute 
focused on developing computers for classified applications, but recently it has 
focused on some unclassified applications. NHVICs scientists developed the early 
warning system for missile attack that is now unclassified, but continues to develop 
some systems for radar and sonar applications that remain classified. The following 
summary will give some idea of the focus of the institute. 


RESEARCH AND DEVELOPMENT ACTIVITIES 


The Scientific Research Institute of Computer Complexes, situated in Moscow, is a 
member of the Scientific Industrial Association for Computers (NPO SVT), the largest 
such association in Russia. 

The staff of NIIVK was formed in the early 1980s. After creating the M-2 and M-4 
computers (two of the first Soviet computers), the serial semiconductor computer 
M-4-2M was designed in 1964 and was serially produced until fire end of the 1980s. 
The computer M-10, designed by the N1IVK in 1978, contained parallel architecture. 
Novel technical ideas were realised in this computer that allowed noted scientist and 
computer architect MA Kartsev, the first director of NHVK, to achieve a high 
performance. American researchers P. Wolcott and S. Goodman wrote: "The N- 10 
is distinguished by its ability to conveniently parallel-process data of different 
formats, dynamically changing the clustering of processors to match the format of 
the data at hand." 

The newspaper ComputerWorld USSR gave the following estimation of the computer 
M-10: "Apotheosis of heroic period of the Soviet informatics was a creation of the 
powerful 64-bits vector-pipeline supercomputer M-10...." 

The original trends of the NIIVK supercomputer are characterized by usage of 
so-called "type M" architecture, the first representative of which was computer M-10. 
This architecture is notable for using a wide-format memory that exchanges vector 
operands with several identical processors, executing file same instruction stream. 
A later stage in the development of the type M computer architecture was the 
creation of the new vector multiprocessor supercomputer M-13, which was produced 
serially beginning in 1988. 

The peculiarities and architectural principles of computers developed by NIIVK 
provide high performance for real time data flow processing with large amounts of 
information (real time radar and sonar signal processing, image recognition, etc.). 
These peculiarities and principles are as follows: 
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SIMD-type architecture 


. i • j w - mT* m 


dl ! 


TuHi' 


information bits par machine cycle) 

Vfeiable vector companenfe’ fonnat (1,2,4 or 8 bytes per component) 

Vecton components masking 

Nontraditional vector processing operations (vector component sums' 
summing, scalar product of vector o perands , etc.) 

Virtual memory (segment-page organizati&n), daptibBIty-baae addressing, 
segment protection on lock/keys base (without tagging) 

Spe F^procemor (p e rformance up to 2.4 faOllon operations/s) etc. 

VO channels iHocessors and connection processors with programmable 
interfaces (connecting practically arbitrary devices without need of 
special equipment) 

High capacity far external information exchange (up to 400 byte/s) 


Architectural prfncipfas developed and r e sHted by NHVKin the M-10 system were 
faNKi in the Burroughs BfiP Computer . Sorwtechnical decisions in vector 
processing coincide with those in Cray end CONVEX computers. Also, some 
memory organization features am similar to capability-based systems (like Plessey 
System and Intel iAFX 432). 

NBVK has designed software products for its computers, including the following: 

o Operating s ys tem s (fane sharing, real time), programming languages of 
various levels together with correspondent compilers 
o Programming systems far these languages (deluding vector processing 
oriented languages) 

o Application packages far mathe ma t ica l calculation methods’ support (linear 
algebra, integration, differential equation solving, etc.) 


for nearly thirty years and weak with high reliability, prowkfetg all requirements of the 
most crucial networks and systems up to the present. 

Because of the need to model sound propagation fields, a new computer design ins 
been undertaken. The new machine is referred to as a da ta ba se machine. The 
system design was completsd and construction had begun; however, construction 

tntari (or symbolic) dafarSndother information. This riew computer was felt to be 
the system on which artificial intelligence (AD systems might be implemented as well 
as other software. AI may be toed for identification and classification applications 
in the future. 
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'When asked about the data to be included in the database machine, the team was 
told that the institute focuses only on die d es ign of hardware mid so ft wa re systems. 
However, the institute’s scientists have collected various oceanographic data from 
the Atlantic Ocean that has been included in the new computer design efforts. 

AppUcationi Discussions 

Mr. JuriMordovsld, Director of Sigma Technologies, discussed work underway at the 
company. Sigma Technologies was started two yearn ago to focus on the 
development of AI and the transfer of that technology to die United States and other 
markets. The company undertook several applications, including two that were 
suggested by the Director of NIIVK, Mr. Alexeev. Some of the applications 
suggested were the development of a system for monitoring large mechanical 
systems, and development of AI systems for automatic monitoring of other complex 
systems, and automatic surveying. When Mr. Mordovsld was asked if he knew of 
any AI efforts being undertaken in Russia related to undersea systems, he stated that 
as far as he knew, "there is no work in Russia where AI is being applied to undersea 
systems." His company had recently undertaken a summary of AI work underway 
in Russia and found only work in expert systems. 

The company has developed some automatic translation tools that are now available. 
One discussed was a translator to translate legal documents from Russian to English 
in real time over electronic mail (E-mail). The company has been working on this 
with Lockheed and several other U.S. companies. 

Mr. Anekyn is the head of a small group in Volna that is focusing on the 
development of sonar systems utilizing some of the work produced at NIIVK 

Acoustic Fields Inv es t igati ons 

Algorithms with super resolution have been developed in the institute. This high 
resolution is possible because the institute’s scientists have been able to eliminate 
all surface and bottom reverberations, greatly suppressing unwanted returns. 

NHVK has databases of oceanographic data; physical and geological data; bottom 
and surface data; and hydrological water parameters, such as CTD information. 


Bottom and surface reverberation is understood and mapped in this system. 

Mirtiril bmging 

Development of medical imaging systems is underway at the Cardiological Center 
of foe Russian Academy of Sciences. The center has a 8 MHz sonar that develops 



now, 



to develop 
3-D tenges in reel tens. 




wozk to better understand. Time limitations constrained in-depth discussions of their 
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Site: 


Date Visited: 
Report Author: 


a r wiping o n 

Unhrraity 

o iiomranfi ol 
St Petersburg 190006 

May 21, 1993 
A. Kahraitis 


WTEC: 


A. Kalvaitis 
N. Caplan 
M. Lee 


HOSTS: 

Dr. Dimitriy M. Rostovtsev 
Dr. Aleksey M. Markov 
Dr. Tatiana Peregudova 
Professor Vi. Nikolaev 

Dr. Juri I. Zhukov 


Rector, Dr. of Sc., Professor 
Head of Patent Department 
Vice Director, Research Dept. 

Director, Research Lab of Automation of 
Designing Ship’s Power Installations 
Dean, Dept of Electronics & Control Systems 


This university was founded in 1902 as a department of St Petersburg Polytechnic. 
It later gave birth to foe Leningrad Shipbuilding Institute, which became a leading 
educational institute for ocean technology and marine engineering in the former 
Soviet Union (FSU). Subsequently, it evolved into foe State Marine Technical 
University (MTU). At present, MTU provides a wide range of programs, both 
undergraduate and postgraduate, leading to B.Sc., Engineer and M^c. Doctoral 
degrees (equivalent to PhD. and DJSc.). A major department within MTU is foe 
Department of Naval Architecture and Ocean Technology. MTU’s 5,000 students are 
involved in all aspects of marine and ocean technology, with approximately 30 
percent specializing in electronics and control systems. Until last year, most of foe 
foreign students were from Eastern Europe, Vietnam, North Korea, and Cuba. 
However, now MTU is soliciting studentB from other countries (e.g., India, Nepal, 
Jordan, and China). The university has 600 faculty members, 1,500 auxiliary 
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to faculty members, 
two-year teaching 



Over 1,000 patents have been awarded 
in sending its professors abroad on 
to broaden their knowledge. 



Since newly all undersea technology in ti* FSU had been associated with the 
i sector, concern was expressed about the fixture and die defense conversion 
Nevertheless. MTU seems to have redirected its programs toward the 
chflfen sector. For example, new educational programs have been offered on 
underwater capabilities for the exploration of ocean resources. The goals are to 
provide engineers of die 21st century with die capabili ty to develop underwater 
robots with elements of artificial intelligence. Other study areas Include: design of 
unmanned submersibiea; power systems for ffabmersibles (generally unmanned); 
design of control fawtrumantation, automation and computers for unmanned 
subntersibles; information systems, hydroacoustics, navigation, and underwater 
communication; autonomous control of submersibles; and automation of technical 
processes, robotics, and underwater manipulators. 

Professor V.I. Nikolaev gave the panel a computer capabili ties demonstration. The 
computer laboratory consists of four persona l computers; these were the only 
this trmMMtg party of team mara bsis saw fax Rus s ia . 

Prot Nikolaev sheared W s modei that measures the effectiveness ef sueh 
underwater vehicles submersibles, ROVs, and towed a y s tems for locating 
underwater ob j ects . The model incorporates a 28-year data base. It also trades 
reliability and maintenance. 

The university is interested fax foreign partnerships and coop er a t i on in various fields: 
dea&x and construction of ships, underwater platforms and apparatus; ecology 
( pipatw safety); miscellaneous underwater tasks (salvage techniques); ship and 
vehicle propulsion, indu#xg drag reduction; power plants (Sterling engines); new 
Queer tteaSnent of materials); strength and structural mechanics 
(c^tateics of the in terac t ions with platforms); instrumentation, measurement, and 
information systems; and other underwater programs. 

has eetebttshad a company. PAKS Ltd., for jofait ventures and 




i, constr u c ts models, and eonttacta scientific and 
ei p arimen tal studies fax the university’s test finalities. 



Tha J&snsomofetettuolaar submarine tees obviously the 
A 100:1 scale working model of the lifting apparatus and 
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a video tape have been produced. Software has been developed for simulating die 
lift dynamics; design of various holding devices for salvaging large objects of 
different types and sizes; robotics systems; and burying techniques if the object is 
not salvaged. The university seeks foreign partners for the detailed design, 
development, and use of this GLSO capability. 

Other ideas of interest that the university has developed include an ultra-short 
baseline underwater tracking system with a range of 1,000 m. It is unclear if this is 
a prototype or a production model. Another development is a low noise thruster 
(noise is reduced by 12 dB) called "double counter jets" that operates in laminar 
flow. The university is seeking an industry partner to continue this research since 
the military no longer supports these activities. 

In summary, the State Marine Technical University of Petersburg is a unique 
educational facility that offers a broad spectrum of training in nearly all Hia niplinaa 
related to undersea systems. The university has initiated several enterprises and 
companies, and is interested in establishing joint ventures. The WTEC team was 
told that this university trained most of the engineers and researchers working at the 
design institutes we had visited in St Petersburg. 


Complex for Lifting Sunken Objects (CLSO). Brochure. 

International Cooperation in the Field of Science and Higher Education. Proposals. 

1992. 

Direction Finder Sonar Transponder DF 1000-04. Performance specifications 
(brochure). 

Paks Ltd. Brochure. 1991. 

Paks Ltd. Rotor-Rudders for Seagoing and River Vessels. 1991. 

Educational materials on the Marine Technical University. In Russian and English. 

1993. 

Reliabil i ty of Ship Structures Research Laboratory. Brochure. 



Date Visited: 

May 1, 1883 

Report Author. 

R. Seymour 

; • 'r- 

WTEC: 


L. Gentry 
R. Seymour 


HOSTS: 



Dr. Yuri Ya. Gretslrii 


Department Chief 




Paton, founded to 1834, has become one of foe laiyeet research institutes la foe 

world with about 8,000 employees (3,000 al the headquarten in Eev). The institute 




processes such as biasing, 


, and friction 




as ceramics in thicknesses varying from submicron to tens erf centimeters. ^ In 
addition to research in foe wskfotg processes, foe institute also develops welding 
equipment, xamdmitmm r hate, «d d e vel o ps wsldina consumables. These 

efforts are carried out in special centers at other locations. 

The institute’s scientists and engineers work cooperatively with many institutions 
internationally, the national Aeronautics and Space Administration (NASA), ABS, and 
foe American IWdiitg Society. Their experience includes military, space, and civil 
structures such as bridges and offshore structures, as well as temperature extremes 
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and high radiation applications. The institute maintains a dose relationship with 
industry, assisting in the development of new materials and surface treatments. 


RESEARCH AND DEVELOPMENT ACTIVITIES 

The Paton Electric Welding Institute is involved in several research and development 
projects, including: 

1. Research in electric (arc, resistance, electron beam, magnetic pulse, etc.) 
welding of metals, metal-based composites (principally aluminum matrix), and 
ceramics. 

2. Large scale explosive forming. 

3. Vacuum brazing of dissimilar materials, such as titanium to steel 

4. Plasma coating processes to improve corrosion and erosion resistance of 
metals and ceramics, with special processes to control thicknesses to a 
micron or less. 

5. Advanced nondestructive testing techniques. The team was shown some 
color contour maps of components containing welds drat were described as 
being produced through holography. 

6. A special titanium department where engineers weld thicknesses that are 400 
mm and thicker. There were many applications in the chemical industries, 
but the institute is now seeing increased use in offshore platforms and piping. 
Paton achieves yield strengths up to 800 MPa. The team had heard 
elsewhere that Paton was involved with welding processes for submarine 
hulls, but the institute’s representatives did not discuss this beyond stating 
that their work in aviation and space had been applied to underwater 
projects. 

7. Electroslag casting operations for manufacturing difficult-to-fabricate alloys 
and metals of great purity. 

8. Use of both field and shop techniques in welding and manufacturing joints for 
offshore platforms, for thicknesses from 1 mm to 80 mm. 

Information on the previous activities was obtained through discussions with 
Professor Konstantin Yushchenko and a 30-minute promotional film in English. 
Dr. Yuri Gretsldi led the team in demonstrations and detailed discussion of the 
underwater welding and cutting research. A diver demonstrated manual arc welding 
in a water tank at shallow depths and automatic welding in a pressure chamber at 
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samples in the tab: thoaa that tha lawn inspected snowed 
visible inclusions. Tbe team also eaahtfrtfd 1 teed device fb weld wire dining wet 
welding; die institute commented that it was working on reducing its weight 

Dr. Gzetskii discussed the problem of Haying pipelines in deep enter, and indicated 
that although they were working on a flash butt weld process lor this application, 
there were problems to be solved. 


The underwater welding was the only area diet die team explored in detail. The 


iTTT 


pursue this (Paton was the last stop on tha UktiMw tour). The Patoi ^ In stitute 


manual and automatic underwater welds (ship, platform, mid pipeline repair). 


EO. Paton Electric Welding Institute. General brochure; illustrated. 1980. 
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Site: Intfttute of fltnlnQinl Scfenodc 

Ukrainian Academy cf Scie n ces 
8UB GUdova St 
Bey 282064 
Ukraine 

Telephone: 21S-9446 

Date Visited: May 18, 1993 

Report Author R. Seymour 


A'lTKNJJKGS 


WTEC: 

L. Gentry 
R. Seymour 

HOSTS: 

Professor Peter F. Shpak Director 

Dr. George N. Ladyzhensky 

Dr. Rudolph Kh. Greku Chief Researcher 

Vladimir C. Gevorkian Chief of Subdivision of Underwater 

Investigations 


BACKGROUND 

The Institute of Geological Sciences is responsible for exploration and assessment 
of all mineral resources in fee Ukraine, whether terrestrial or undersea. These 
include both oil and gas as well as metals and rare Ai»wy* nts. 

The institute’s scientists study fee structure and evolution of geological features in 
order to make predictions on resource availability. Their work on underwater 
resources had previously been worldwide in scope, but their present emphasis is on 
national waters. Their present experimental program involves studying the 
underwater geology of fee Black Sea and recent sedimentation patterns. The Black 
Sea appears to have significant gas reserves but no known oil reserves in Ukrainian 
territorial waters. The institute's scientists have found traditional methods of 
investigation inadequate, and have developed new technology. In particular, they 
believe that direct observations by scientists are essential, and have developed a 
fleet of manned submersibles to meet these needs. 



ffiteltepocti - Ulnke 



between biol 

geological processes. In the stildr of the distribution of minerals in the deep ocean, 
the inritute’s scientists study ecological effects in high production areas. 

They report detection (Jay mixed gas, lock-out diving) of gas hydrates -- a firoxen 
mixture of natural gas and wiMr ~ :lt depths of only 300 m and only 80 cm or so 
below die surface of the sediments, fa fee present plan for gas ^r eco very, they 

h ydrates and, subsequently, to nine sediments far die gas contained in the hydrates 
(see Figure Geo.1). One of their concerns is to find an environmentally acceptable 
means to accomplish this. 

The institute's scientists also report finding polymetallic crusts in die Black Sea that 
contain riq nffleant amounts of iron. The Kiev group consists of users, not 
developers, of the submarines, towed vessels, and support ships used in their 
research. The development activity is carried out at Mariecoprom in Sevastapol (see 
that site visit report). 


rat^ftodl^^ ofgreater than 2,000 m. The institute’s scientists and engineers will 
be responsible for developing gas extraction and hydrate mining equipment for this 
application. 


Greku, R. and V.C. Gevorkian. "Gas Hydrates erf the Black Sea." Technical proposal 
of the Institute of Geological Sciences, Ukrainian Academy of Sciences. Kiev. 
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Site: 


Date Visited: 
Report Author 



4 * 48-13 



May 18, 1988 
L. Gentry 


WTEC: 

L. Gentry 
R Seymour 

HOSTS: 

P rff g ffff w Victor T. Grinchenko Director, Institute of Hydromechtfrics 


BKXQntlND 

The Hydromechanics Instituteisaneof three institutes in that belong to die 
DfiDirtznNit of Bfoduudcs of tho tUcrtiliiitii of Sofaitoii^ lb! poster HMt 

visited is concerned *m i tide range of hydrodynamic and 
hydroacoustics. The other mechanics institutes study soBd body mechanics and the 
strength of various materials in harsh envir onmen ts. The Hydromechanics Institute 
employs 180 researchers and has a total staff of over 300 persons. 

The twelve departments at the Hydromechanics Institute are listed below: 

o Hydrodynamic Acoustics 

o Vortex Motions 

o Hydrobionics and Boundary Layer Control 
o Free Boundary Flows 

o Hydrothermal Pr ocesse s Modelling 

o Hydrodynamic Processes Control 

o Technical Hydromecbarrics 

o Applied Hydrodynamics 

o Hydrodynamics of Wave Processes 
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o Hydrodynamics of Hydraulic-Engineering Structures 
o Dynamics of Elastic Systems 

o Stratified Flows 

Some areas of investigation that interested the WTEC panel include the following: 

o Boundary layer control 0.e., compliant surfaces, polymer injection, Coanda 
effect ducts, etc.) 

o Propulsive efficiency (small ROVs) ' 

o Resistance coefficients in unsteady flows 

o Wave/structure interactions 

o Hydrodynamic acoustics 

o Vibration control and other methods for drag reduction 

The institute has extensive and very capable test facilities, and conducts a variety 
of physical experiments along with parallel investigations in numerical modelling. 
The team saw no computing equipment, but was told that a few 486 personal 
computers are used for modelling, data processing, and design. 

Due to the present unsettled political situation, die institute has funding difficulties 
and is very interested in joint studies with other institutes in the West. 


R ESE A R C H JWD DEVELOPMENT ACTI V IT IES 

The team observed a wide array of test facilities and research projects at the 
institute during the three-hour visit, including a high-speed tow tank with a tow 
carriage capable of speeds to 26 m/sec. It is equipped with a special control system 
to allow smooth and rapid deceleration. The facility has been used for control and 
drag experimentation of surface and submersible vehicles. The model basin is 140 
m long by 3 m wide by 1.8 m deep. 

A second tow tank was also observed that was 30 m x 8 m x 3 m deep and 
equipped with a more conventional tow carriage. IWs second basin was fitted with 
wave making and local wind generation equipment A towed acoustic array was 
observed at the tank. The institute's scientists explained that they conduct 
hydroacoustic studies and elastic motion studies in waves using this facility. The 
team saw examples of miniaturised pressure and acoustic transducers at this facility. 
They mentioned that they develop and test active acoustic devices using 
piezoceramic transducers for low frequency ap plicati o n s. 

The panel observed a high velocity h ydr o dyn amics laboratory where 
experimentation in very high speed underwater projectiles and propulsed b odie s is 
conducted. The specifications sheet distributed dining die visit mentions velocities 
up to 1,000 m/sec. The institute also claimed to have data on velocities near the 




wod by the institute ter at-sea 

snST^kg) 8 <wri shallow water (300 m) unite used in support of shallow 

testing. 


The institute demonstrated tee high speed (28 m/sec) towing of a subme rged s phere 
in the large tow basin. The institute’s sctentfste andengtaeers also 


on (aaiwiiny wum ~r . ' , , . . . _ 

clusters of these control/propulsion devices for submerged vehicle maneuvering. 

^^ ^ mMysae related to undensster veMdes, although tee team was 
not sho wn numerical results because of i nsuffic i ent time. Institute representatives 
8a |d that they had recently obtained a tew486 personal computers. However* the 
was not able to assess the institute’s numerical computation c a pa bi litie s . 

te ^^nst ^^d^£S!g to a point over Intacta teJggth, sr>^« g<^^y 

achieved is uncestifai* bnt was claimed to be above.Marii l. The team aasv high 
speed photography affoe institute’s teste; institute tepiteeertemves elata to be eble 
to numerically model cavity shape and formation at even higher speeds. 
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director of NlPIOceanmash. The papers described projects involving a wide range 
of ocean engineering activities and equipment fotdeepbcean mining, deep offshore 
drilling, marine salvaging, and dredging. The ^^ describes what appears to be 
available systems not unlike the Qomar &^9l*r tfith heavy lift and deep drilling 
capabilities to depths of 6£0Q m. While tittle time was available to explore this 
capability, it is very interesting and wo fc thy offbtiure follow-up to determine if 
technologies appropriate to underwater vehicles ate involved. The team was told 
that the director of NlPIOceanmash would be interested in further contact. 


REFERENCES 

High speed tow basin and water tunnels. Specifications sheet 
High velocity hydrodynamics facility. Specifications sheet 
At-sea tow complex. Specifications sheet 
Small ROVs Poles and Adeline. Data sheets. 

I','' . ' " ’ • 

Various underwater projects conducted at NIPIoceanmash in Dnepropetrovsk, 
Ukraine. Data sheets. 

Large model for testing oscillating wing propulsion for submersibles. Two 
photographs. 

Flow visualization using bubbles. Photograph. 

Model testing of U.S.S. Lafayette class submarine hull. Photograph. 
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Figure Hydio.3. Flow Visualization Using Bubbles 



Figure Hydro.4. Model Testing of UAH. La&yette Class Submarine Hull 
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HOSTS: 

Igor M Nestorenko 
Vladimir G. Usenko 
Victor A. Horoshev 
Marat V. Sarvanidi 
Vladimir C. Gevorkian 


May 19-20. 1993 
L. Gentry 


General Director 

Chlet Department for Operations 

Grief Engineer 

Chief, Electronics Department 
Chief, Underwater Subdivision of Underwater 
Investigations Institute of Geological 


1^11 if'. 


'* . r * : * 1 , ! p] 
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operated its fleet in many areas at tne wona. m met, me — o mano n ami nas aiapa 
operating in Peru (Odyssey, with its submersible, the Severn Be) and in the Far East 
(Gidrormvt and its submersible, the Tinro-2), but moot of its interests are now in the 
Black Sea, where much of the Ukraine’s plans for exploitation of resources are 
focused. Oil, subsea minerals, and gas hydrates are among the riches available in 
the Ukrainian portions of the Sea. Funding also limits the international 
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operations of the Blade Sea research fleet; only those on contract work venture out 
of this local inland sea. 

The nine vessels (most are converted fishing vessels) range in size from 1,200 to 
nearly 4,000 tons. Each vessel supports one or more of ten manned submersibles 
in sdentific investigations of the water column and seafloor. Mariecoprom does not 
operate unmanned vehicles since the association feels strongly that the best science 
is accomplished in situ by knowledgeable and trained academics. The submersibles 
at Mariecoprom range in size and capability front the very large, twelve-person 
Benthos-300 to the small, towed, three-person Tetis-K Mariecoprom is able to 
provide well qualified operating crews for its vessels and submersibles, and is willing 
to share research of mutual interest in the Black Sea at lease its assets for 
worldwide operations at very low daily rates. The estimated rate in the Black Sea 
for a fully crewed Sever-2 submersible and support vessel Ikhtiander is about $500 
per day, excluding fuel and oil. This is purely an estimate; actual costs will depend 
on Ate area of operation and many other factors. 


RESEARCH AND DEVELOPMENT ACTIVITIES 

Mariecoprom does not conduct research and development directly. The association 
operates and maintains the platforms for the Ukraine government and die Academy 
of Sciences institutes, and works with other institutes to conduct field investigations 
and studies. 


SUMMARY OF DISCUSSION 

The team met with Mr. Igor Nestorenko and his staff at the Mariecoprom offices for 
general discussions, then toured the Sevastopol harborfacilities where the ships and 
submersibles are serviced and maintained. Only three submersibles were available 
for inspection at the time. 

The team visited the Omar (built in 1989), which was in the shop being prepared for 
operations in the summer. It is equipped with two seven-function manipulators and 
can accommodate scientific payloads of 280 kg. Omar is a hydraulically powered 
vehicle with twin main propulsors and three maneuvering forward thrusters for pitch 
and yaw control. The vehicle, which has no computer systems onboard, is 
essentially manually controlled. Both Omar and its sister boat foe Langust (1990) are 
very simple, rudimentary vehicles and are far behind foe sophistication of similar 
submersibles in the West. However, they are proven, reliable, have outstanding 
safety records, and are cost-effective alternatives to their high-tech counterparts in 
foe West. The depth rating of Omar (840 m) is marginal for many scientific missions. 


looking sonar, but all controls 


id at lifl a hj ak ia mmsnles aft of the observation 
are msnuafc with no indication of closed loop 


The team also toured die Bwtfic s-3fl(? Sihcwsfeli l^aitonr. Two BenOios-SOOs 
were built in 1976 and 1981. Both are stffl op a t i ttonai In the Hack Sea. They are 
wy large inimrrh a p jfi ari blse capable of s u p p ort in g a twelve-man crew for 
seven daiys of s ufameggm ot at up to 320 m. $ itt b length and more fen 

800 tons displacement, die vessels are too large to launch from a support vessel. 

Thu** they battery p o wered when 


” * ' tiT s" v 1 ^T-T-j +T ) ? « T * SI 

^dMUs^wwili air | m $ • m*Vaa|hi^*Mto^ 

7 - 4 ' /!■ ti> ¥ T ’ vTj a : ) ! 
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also, a large area for 


^rSSoS’SOOaeextm to be reliable, safe, and well crewed. It is certainly adequate for 
the purpose of seafloor wok and science. 



fishing trawlers 


tackle. Divers or small boats are needed to make connections and disconnections 
in the water, but they claim to have made safe recoveries in sea conditions to 
Beaufort 7. 


Vladimir C. Gevori d sn, the father of Baatbcm-300, and the other submarsible 

waa especially honored by die ceremony where Mr. Seymour and Mr. Gentry were 
named as "hy dr on auts of the Benthos-300." 
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REFERENCES 

Support Ships and Submersible. Book of specification sheets and photographs. 
Benthos-300. A history of the Benthos-300 in Russian. Moscow: 1992. 

Submersible Available at Maziecoprom. Booklet in Russian. Sevastopol, Kiev: 1991. 
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Date Visited: 
Report Author: 


May 20, 1993 
R. Seymour 


WTEC: 

L. Gentry 
R. Seymour 

HOSTS: 

Professor Vladimir V. Efimov Deputy Director 

Michael E. Rabinovich Director of Special Design-Technology 

Bureau and Head of Marine Instruments 
Department 


BACKGROUND 

The Marine Hydropfcysical Institute (MHQ is one of die largest research institutions 
in the world devoted principally to the study of physical oceanography- In addition 
to the headquarters facility in Sevastopol, the institute has an Experimental Division 
in Katsiveli (Crimea) and an Acoustics Division in Odessa. 

The institute operates five ships, two of which are major ocean-going vessels that 
have been active in the world oceans on programs such as WOCE, TOGA, and 
JGOFS B ecause of present budget constraints, work outside of the Black Sea is 
restricted to contract investigations. The institute was founded in 1929 and thebase 
in Sevastopol was established to 1903. hi addi tion to deep waterphysieal 
oceanography, MHIhas had a continuing interest in coastal and dielf processes, and 
operates a shelf mounted observational platform at a depth of 38 m in die Black Sea. 
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The research interests of MHI include: turbulence, hydrophysics, optics and 
biophysics, ocean-atmosphere interactions, wave theory, and dynamic and stocastic 
modelling. The institute has a substantial design, development, and manufacturing 
capabili t y for the specialized instruments employed in its investigations. Because of 
time constraints, the WTEC team was unable to visit the acoustics facility at Odessa, 
and concentrated on the instrumentation developed at Sevastopol. 


; < :<i 


2ARGH AND DEVELOPMENT ACTMTIES 


This report will focus on die instrumentation developed by MHI for its physical 
oceanographic investigations, and will not discuss those research activities. 

MHI has developed a family of towed and lowered CTDs. Of the towable systems. 
Model MCI- 1201 (see Figure Marine.l) can operate to a depth of 1.8 km and at 
speeds to 16 kts. It utilizes a 6,000 m single conductor cable. Measurements 
include temperature (resistance thermometry with a 80 m/sec time constant), 
conductivity (induction), and a strain gauge type pressure sensor. An interface unit, 
a digital display and output to an external personal computer, is supplied to provide 
power. This appears to be an improved model of the Model MGI-4204, which has 
a depth limitation of 1,000 m and a 1.8 sec measurement interval Hie Model MHI- 
9201 towed body (see Figure Marine.2) has control surfaces and can be maneuvered 
in three dimensions. In addition to die CTD measurements, this unit also measures 
light attenuation spectrally and the intensity of chlorophyll "A” radiation. Its maximum 
depth is 200 m and the maximum towing speed is 12 kts. 

MHI has developed a series of profiling systems that are lowered on a cable (see 
Figure Marine. 3). They can be equipped with internal battery power and onboard 
date recording for use on the shelf with unsophisticated support vessels, or can be 
powered from the ship for operations to depths of 2.6 km. In general, they profile 
pressure, temperature, conductivity, dissolved oxygen, pH, and distance to the 
bottom. They can be supplied with a 10 bottle water sampling module with about 

1 liter samples. The Shick-3, the most advanced of these models, also contains an 
electromagnetic current meter, and can be outfitted with sensors for turbidity and 
chlorophyll fluorescence. The WTEC team was provided with information on a more 
recent sounder {Probe OLT, see Figure Marine.4), which measures current velocities 
with a multiaxis acoustical meter as well as the standard CTD capabilities. It has a 

2 km depth limit. 

MHI has developed vane, propeller, electromagnetic, and acoustic current meters. 
Most of these systems can be supplied with an internal microprocessor for 
autonomous operation for periods up to one year, or with data output to a personal 
computer. They cover a range of supplications from the Shist-1, an acoustic shelf 
system that has a depth range of 80 m to the 3-D acoustic current meter Dit-1, which 
operates to 6 km and includes a CTD measurement capability. This unit stores 
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that is common in foe Unted States. MHI 
has developed, and apparently wfll supply, individual sensors for tanaporatare, 
conductivity, afrfiemkml p a ra ittol^ auch as dissolved oxygen. These 

units are designed for plug-in to standardised connectors. The institute also 
provides a family of position sensors (pitch, roll, and heading) for application to 
towed vehicles and ROVs. 


condition*^ from shallow to deep water. These 

oceanographic instrument company). 1 ^j22 l ^^SS^ hB poiSn^Sfoim 

utilizing the range-gated Doppler system. The worldwide charter of MHI has been 
severely reduced by present economic conditions; it would appear that instrument 
development efforts will be curtailed, as well 


Sensors and Devices for Oceanographic Survey. Catalog of specification sheets of 
MHI instruments. 1993. 

Marine Ilydrophytucal Institute. General brochure on MHI; in English and Russian, 
with some illustrations. 1992. 

Marin e Hydzxjphysical Institute. General description of MHI, ships, and towed 
systems. 19%. 
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Flgme Marine. 1. Towed CTD Instrument, Model MGt-1201 



Home Marines Controllable Towed CTD Inatnunent With Optical Measuromaat Capability 
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Flgme Marine.3. Lcnrand CTD Con^ 



FlgiiraMutBe.4. Prate OLT wfch CTD Mew 





Date Visited: 
Report Author 


WTEC: 

A. Kahraitis 
M. Lee 

HOSTS: 

Jean-Loui8 Michel 

Jean-Francoia Drogou 

Jean-Francois Cadiou 
Dr. Vincent Rigsud 


May 14, 1903 
AKahratta 


Program Manager, Undersea Intervention 



Project Mnpger 6yQ00 m ROV 
Head of Underwater Computers Group 
Head, Robotics and Artificial Intelligence 


The French Research Institute for die Exploitation of the Sea, or 1FREMER, is a 
government agency with scientific, industrial, and commercial roles, mid acts on 
behalf of the Ffcench gover n ment to direct, fund, and jetpnote ocean research and 
development It baa a budget of appioaimaftafer $160 mfilkm (1982), with 1,200 
personnel a! five centers (Boulogne-sur-Mer, Brest, Nantes, Toulon, and Tahiti). 
IFREMER has responsibilities that are evenly split between applied research projects 
and operations. 


Underwater 
IFREMER’s 
vehicles, such 



and instrumentation are recognised as major themes in 

The institute’s successful progr a m to manned underwater 

the Cyans and Nautife, has allowed France the capabfiity of 
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carrying out research and projects at water depths to 6,000 m. Other undersea 
c apa bilit i e s include the Sir, a 6,000 m deep towed side scan system, which provides 
high resolution data for bottom acoustic imagery and subbottom pr ofilin g hi 
addition, IFREMER has created two research laboratories for robotics and 
underwater acoustics that have been associated with outside laboratories to 
stimulate progress in applied research in key areas of underwater intervention. 


RESEARCH AND DEVELOPMENT ACTI VITIES 

hi addition to manned submersibles, IFREMER has been developing remotely 
operated vehicle capabilities. To maintain European leadership in deep ocean 
activities, a feasibility study has been underway since 1991 for the development of 
a 6,000 m science-dedicated ROV. Total costs are estimated at $7 million, not 
including manpower resources. The present schedule includes completion of 
conceptual studies (1993), subsystem design (1994), and system integration and sea 
trials in mid 1996. Although several 6,000 m ROVs are available commercially, 
IFREMER feels that better control is exercised by conducting the project internally. 
Also, since it is a science ROV, the institute has direct communication with the 
research community. Specific features include a 20 mm fiber optic cable, 20 kw, 
400 Eh, and a 300 m tether with two different down weights. The ROV motors will 
be oil compensated, and die electronics will be in pressure housings. Three 
different tool sleds will be progres siv ely developed for biology, geology, and sensor 
packages. The ROV will have two manipulators and six thrusters at 5 hp each. It 
will utilise two VME computers running VXworks real-time operating system, one on 
the ship and the other on the ROV. Vehicle tracking will be conducted using a 
combination of an ultra-short baseline system in conjunction with a long baseline 
system. 

IFREMER is also a major partner in a MAST II (Marine Science and Technology) 
cooperative European project for the development of key technologies for a 6,000 
m Abyssal Survey Vehicle (ASV). This is an autonomous, self-powered vehicle for 
the surveying and mapping of deep ocean regions. The program is headed by the 
United Kingdom’s Institute of Oceanographic Sciences (IOS), and includes partners 
from France (ECA and INRIA), the United Kingdom (DRA), Greece (University of 
Athens), and Portugal (Hydrographic Institute). The project’s feasibility study is 
scheduled for completion in 1996, and includes a succinct preliminary design. Total 
fending is approximately $2.8 million. The vehicle will use carbon fiber pressure 
housings instead of syntactic foam. The projected range is 200 km at 2 m/sec, and 
it will be able to survey a 6,400 m wide swath. The overall program objective is to 
develop a cost-effective autonomous vehicle to survey the deep ocean regions. 
Specific performance objectives include: independence from support ship during 
survey; submergence time in excess of 20 hours; 200 km survey range per dive; and 
deployment from existing vessels. Monitoring of the Hat a quality could be done 
using a French acoustic transmission system, TIVA, at up to 20 kbits. The ASV will 
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Site: 
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IFIhQUU XI KKni QH Ht EH kHi - 

frdbonatique et an Aafcanfelique (INRIA) 
Unite de Recherche SopMeAntipoUi 
filOi Route dee Lnoioles - EP. 93 
06903 SophhhAndpotti Cedes 
Renee 

Date Visited: 

May 13, 1993 

Report Author: 

M. Lee 

ATTENDEES 


WTEC: 


A. Kahraitis 
M. Lee 


HOSTS: 


Bernard Espiau 
Claude Samson 

Daniel Simon 
Patrick Rives 

Directeur de llnstitut Superieur dTnformatique 
Directeur de Recherche Responsable de 
Project ICARE 
Charge de Recherche 
Charge de Recherche 


BACKGROUND 

fnstitut National de Recherche eh infennatique et en Automatique (INRIA) is a 
coordinating center for scientific cooperation with scientists of the framer Soviet 
Union in the area of underwater vehicle technology. INRIA performs banc research 
in sys tem design and in control architecture. The institute works closely with 
IFREMER, which does applied research favunderwater vehicles. The concepts that 
are developed under fits ICARE project and that relate to underwater vehicles will 
be demonstrated on the VORTEX test bed vehicle at IFREMER. 

■ '* : ' . , ■ v zh,. a ■■ - 

The underwater vehicle and sensor-based control research at INRIA is in the project 
ICARE (Instrumentation, Control, and Architectures in Robotics), headed by 
Mr. Claude Samson. This project has fourteen full time people, including six 
graduate students. The program has three principal investigators: Mr. Bernard 
Espiau, Mr. Daniel Simon, and Mr. Patrick Rives. Mr. Eapian, who hosted the WTEC 
team, was scheduled to transfer from INRIA to Crenoble later in 1993. 




control, and research into 


is able to (feel with 
ca pabi li t y) 

Aree major projects. 


of a control system (which 
and has real-time programming 
systems. These activities are organised into 


Mr, Si mon presented his group’s work on sensor-based control. The group is 
m ^ r m ntiy using vision as its primary sensor for local control. The scientists are 
interested fat integrating sonar and vision. They would like to use the fusion of this 
data for local terrain sensing and for a reference for their control system. 

The team s«* the toad base robot tbtelMMthas been uring to date for its research 

_ _ — , " • . * a a . 1 «* - *■ — I J> * - A - *- ft i t n wo 


technology test bed. Underwater a pp li ca ti o ns of the technology are done jointly 
with Mr. Vincent Rigaud at IFREMER. 



fee control system dfti 4gn for other types of actuators, such as variable ballast 
systems. The institute's scientists are working on control schemes using time 
varying control for nonholonomic systems. 

Although video servoing is being done at Sophia, the work on video servoing using 
optical flow is being done at Brest 

One research topic that is being address e d k identifying when the vehicle has 
enough information toeomplete a requested task. MBA is also working on 



will make completion of fee task impossible. This can then be fed into a planning 
system to define how the vehicle must proceed to getthe additional information 
necessary to comptste the task. 1NHIA is notworkfogonbuikiing a large scale 
world model of its envi r o nment. Rather than work from a world model, the institute 
fe focusing on the portion of the world that can be sensed horn the vehicle. 

The testihste’s scientists are wod&tg ml parallel algorithms for planning systems. 
Their approach is to focus on deterministic algorithms rather than artificial 
intelligence techniques . 


ago. The goal of 

this project was to do bottom following. This application would be used to do a 
sonar survey and to make maps horn the data. Now INKIA is doing work on defining 
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sensors, actuators, and control tradeoffs for the MAST project ARSUAUV (Advanced 
Research System for Unmanned Autonomous Underwater Vehicles). 

The institute is interested in research in underwater intelligent operation. This 
includes sensor-based control, programming tools, and man/machine interface. The 
team saw demonstrations of automatic program generation. The inputs to this 
program are the tasks, the communication links, and die modules that define the 
servo algorithm to be used. The geometry of die robotic system can be input 
through a computer assisted design environment The output is C code that can run 
in a VXworks environment. INKIA scientists also demonstrated a code simulation 
system which allows the user to simulate sensor inputs and line-by-line code 
execution. 


INRIA is a basic research organization that is creating technology in software 
architectures, sensor-based control, and control systems. INRIA is a leader in this 
area of research. This research is creating enabling technology that will have a 
significant impact on underwater vehicles. Software architectures that allow easy 
integration on local sensor-based control will open up die field of underwater 
experimentation and new methodologies for scientific research using underwater 
vehicles. It can lower the cost of doing science underwater by reducing the 
dependency of the vehicles on large scale positioning capabilities. 

INRIA has only recently entered the field of underwater robotics and is interested in 
expanding its role in this area of research. 
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Date Visited: May 10, 1983 

Report Author: M. Lee 


WTEC: 

M. Lee 
HOSTS: 

James Crowley, PhD. Professor, Institut National Polytechnique de 

Grenoble 

Patrick Reignler PhD. Candidate, Active Vision and Mobile 

Robotic Group 


Laboratoire dlnformatique Fondamentale et dTntelligence Artificielle, o rLIFI A, is one 
ol seven research laboratories dial make upIMAG. Other labs include 1MR1A, INPG, 
UjF, CNRS, LGI, andLDS. UF1A is divided into two d ivisio ns. One d w^n coni ^ 

artificial intelligence, and active vision. P rofessor Janes Crowley heads up the 
group PRZMA - Mobile Robotics and Active Perception. There are thirteen Ph.De 
and PhD. in fids p ro g r am , which has a budget of 1.4 million francs plus 

salaries. 

This group is researching the basic technologies that will enable sensor-based 
oeniroJ of The sderaie ^ *^JL° 

involved in 3-D model construction of observed objecte. They develop and 
demonstrate their research on land robots, although the technology is equally 
applicable to undated seizes. The laboratory's scientists are interested in 
c ol laborative efforts that will demonstrate their research on underwater vehicles. 
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RESE ARCH AND DEVELOPMENT ACTIVITIES 

The l aboratory has a program in navigation and control from local sensors. The 
WTEC team first saw a description and then a demonstration of LIFIA’s system on 
its simulator. It is comprised of a series of sonar sensors that are mounted to look 
out horizontally around the periphery of a mobile robot By processing the data from 
these sensors, the distance to a barrier or Wall is determined. Points that are 
continuous and in line are linked and defined as being part of a wall segment. Wall 
segments are matched against a world model for fit If a match is achieved, the 
vehicle uses its estimated position in this weald model as an input to its global 
navigation system. It is able to be commanded relative to its global position as 
determined from the sonar or it can be commanded to respond directly with respect 
to the sensed barrier, as in obstacle avoidance or tracking. The data from these 
disparate types of sources are brought together and fused in an extended Kalman 
filter. 


The technologies that we saw (including the research vehicle, software, video sensor 
subsystems, sonar subsystems, navigation, control, and senses: fusion) all seem to 
be applicable to underwater vehicle systems. Overall, LIFIA’s work seems to be 
competitive with work in the United States and in other countries. Hie laboratory 
seems to be funded at a level that allows it to have a reasonable computer and 
hardware environment for its research. The laboratory’s scientists are converting 
their software operating environment to VXworks, which will make them compatible 
with many research organizations in the United States and will make interchange of 
software more feasible. They are interested in joint projects with IFREMER and 
other French underwater vehicle research organizations to demonstrate their 
technology underwater. Active vision and control, using sensing of local terrain data, 
are potentially important technologies in die future of remote underwater vehicles. 
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Insthuts of Oceanographic Sciences 
Dea c o n Laboratory 
Brook Road, Wormlay 
Godaiming, Surrey GU8 SUB 
Gated Kingdom 

Talaphona: Wcnnley (0428) 684141 
Fas: (0428) 883086 

Talas: 8BB8330oaamG 

May 11, 1993 

B. Mooney 


ATTENDEES 

WTEC: 

D. Blidberg 
C. Brancart 
L. Gentry 
B. Mooney 

HOSTS: 

Dr. Peter G. Collar 
Dr. Keith H. Scrimshaw 


BACKGROUND 

Deacon Laboratory is a major United Kingdom deep water laboratory. R is the 
international headquarters for WOCE. Recent past efforts have included a 
multilayered numerical model of the Southern Ocean, which will eventually extend 
to global oceans. The forts of the Deacon Laboratory is interdisciplinary deep 
ocean science, including both modelling and observations, closely supported by 
innovative technology. The current thrusts of the laboratory involve marine physics, 

chemistry, biology, geophysics, and geology. Ocean tools developed there include 
GLORIA and TOBL 

Deacon Laboratory is funded at a level of about £9 million a year by the National 
Environment Research Council. There are plans for Deacon Laboratory to mo v e in 


Site: 


Date Visited: 
Report Author 
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dm not year or IM ftTSwdmWto «d wi* of 

Deacon Laboratory employs about 200 people, 120 of whom an 
scientists or engineers. The technology group is composed of 48 people. 


Deacon Laboratoty is on# c* — — 

The other, ere: Oh» ta aorBweW Seofland. and Plymouth and Ptoudman m 
T,te»mooL Faofiitfes at feeifeaeanLaboralory include a tow tank and pressure 
^^fecilities. Deaconbaboratoryhas close ties with the laboratories of the 
Defense Research Establishment, wife academia and wife industry. 



Deacon Laboratory is involved to a Marine Science and T^mcriogy^^tabormive 
project supported by fee European Commission. The other parfeapants are 
JFKEMER (France), INRIA (France), the Defense Research Agency (UX), the 
National Technical University of Athens (Greece), and fee Instituto HidrogrAfico 

(Portugal). 

A major project at Deacon is the Autosub project, which mayiiwolveM manyas 
three autonomous undersea vehicles. The present thrust of theproject w the 
development of a demonstrator test vehicle, which will have full ocean depth 
capability (6,000 m). " — — ““ " wWfln * H: DoinMn. alee aftflOO m 

AUV, will follow avei 

the water column. Whenever it 8U«w » m — 

any desired reprogramming down to die modulo laeeL Whlla on the urutace, 
through the wcond of two antennae, it will transmit oceanographic data 9«»“ea 
and it, geographical position. The task la to cross dm Atlantic g»*»nngdtf> as H 
proeMdTrh. third AUV. tentatholy dubbed DOGGIE, la being daaignad tor aaa 
floor exploration with missions of three to five days at about 8 knots. 

The Autosub project commenced in 1988. Several workshops that fTCP^ofJfoe 
Autosub project asked scientists for requirements that such AUVs might satisfy. TWs 
resulted in fee commissioning of 20 studies. The Automib 
£780,000 in funding per year. 

nsy irf fee^aurttotii inefer fetitdrtwe co^mtrting 
propaH era via seawater lubricated ceramic beatings. This co mmu nity research 
program led by Deacon Laboratory involves industry, the Defense Research Agency, 
and a c ad em ia. 

The Autosub project has three phases: 

Phase I: Focusing on pressure hull (carbon fiber), buoyancy control at depth, 

propulsion, hydrodynamic c o effici en ts (from 3/4 scale model), GPS 
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navigation. The critical path includes pressure hull and variable 
buoyancy control. 

Phase II: Subsystem technology development will determine the design. Batteries 
have been selected as the energy source. 

Phase HI: The main thrust of this phase is to produce the demonstrator test vehicle. 
The goal for this is 1997. 

Phase IV: Evolution to Dolphin and DOGGIE. 

The Autosub project at this time is examining the use of correlation sonar, subsea 
navigation, and low drag research. The project intends to use off the shelf 
electronic hardware. 


The Autosub project dominated the team’s conversations at Deacon Laboratory. 

REFERENCES 
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Business Development Executive 


Marconi Underwater 
one of die 



within GEC-Marconi, 
at twelve 


an applied research lab. The company’s headquarters is in Waterlooville, and its 
former subsidiary, UDI (now Fugro UDI - see UDI site report) is in Aberdeen. 



to of a totally new dpspi. The company 
infrastructure at Marconi 

f, and fabrication) has helped the 

company’s sdentirtB and engineers during the development of ODAS. 


company states that most 
does suggest, however, that 
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The system design philosophy is to focus on a specific market, develop a low cost 
solution, get the vehicle in file water, and let it evolve. Marconi suggests that the 
ODAS system should be priced in the $100,000 to $200,000 range. 

The ODAS vehicle was launched eighteen months prior to the WTEC panel’s visit 
It is being jointly undertaken by Marconi, Moog Controls, Chelsea Instruments, and 
Alupower. Its primary mission is the collection of oceanographic data through the 
use of instruments developed by Chelsea The vehicle is 21" in diameter and 
approximately 20 ft long. It has an endurance of 36 hrs (24 nominal) and reaches 
a speed of 6 kts. It currently has 37 IcWhrs of energy that is divided between 
propulsion (65 percent) and payload (36 percent). A future aluminum-air system 
under development by Alupower will be used to increase the energy density of the 
onboard battery in order to reduce the size of the vehicle. The vehicle will turn in 
200 m of water with its current configuration and will reach depths of 300 m. The 
hull is of aluminum alloy. The computer system is based on the Intel 386, with 
software written in ADA. Structured programming techniques are used within the 
ADA software development environment The payload weight is 48 kg within a 20" 
long section of the body. 

The vehicle has no obstacle avoidance sonar, but does have a minimal 
communications capability that currently allows an abort command to be sent to the 
system. More complete communications are planned with the eventual capability 
of transmitting data back to the remote user. The system is positively buoyant and 
also includes a droppable keel for emergency recovery. 

Trial runs have been conducted in Portland Harbor with success. The vehicle 
transited along a predefined path at a depth of 10 m, A simple yet effective launch 
and recovery system has been developed for recovery of ODAS. The recovery 
system is towed behind the mother ship and a line is fed through the device and 
attached to the ODAS system during recovery. Hie vehicle is then winched (pulled) 
into the cradle and locked in place. The entire system is then recovered. 

A small, fiber-optic cable controlled system was briefly discussed. It was felt by 
Marconi representatives to be a unique system that might have many applications. 


CONCLUSIONS 

There is no question that fiiis company has many capabilities in the design of 
undersea vehicles. Marconi’s scientists and engi n e e r s are looking hard at 
commercial applications of this technology and have a number of thoughts on what 
those applications might be. : Marconi is continuing to explore the potential market, 
and believes that low cost systems have a role in that marketplace. The launch and 
recovery system for the ODAS vehicle is a good example of the company’s efforts 
to develop innovative, low cost solutions. 
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May 14, 1993 


Repeat Author. 


C. Brancart 


WTEC: 


C. Brancart 


HOSTS: 


Douglas Brand 




. * W ' • *■' + i 


1978 by three 
arrays, and complete sonar systems. The 
limited to the company’s sonar systems. ' 


presentation to the wtisC team 


Reson Systems discussed in detail its Seabat sonar systems. 


Seebal 6012 

The Seabat 6012was*etal©ped in 1990/1991 as a real-time imaging sonar for mine 


counter measure tram tojvb. 
window is 90° horisonal and 18* vertical. The system’s range b from 
and Ha resolution te B om. The system is small enough so that it c 


to a land-based CKJTVsecnffitysystem. in October 1991, Beson announced that "The 
Seabat 6012 b die world's first real-time electronically scanning mini sonar." 


Seabat 9001 
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The Seabat 9001 multibeam bathymetric sonar is a high resolution sea bed mapping 
and profiling system for use from ROVs or surface crafts. The operating frequency 
is 488 kHz and the acoustic window is 90° by 1.6° cross-section footprint There is 
a real-time color display of die sonar image with die ZX coordinate superimposed 
in profile. The system is capable of inputting the data into high grade survey 
software packages for integration with position and attitude sensor data, therefore 
providing a means to conduct accurate surveys in greatly reduced time scales. If 
a roll, heave, and pitch sensor package and a Doppler Velocity Log are 
incorporated with the sonar, position accuracy better than ±1 m can be maintained 
with a datum check at 1 km intervals. The Seabat sonar system’s characteristics are 
given in Table Reson.l. 


Table Rason.1 

Seabat Sonar System Characteristics 



f MODEL | 


| 6012 

9001 

Frequency 

486 kHz 

486 kHz 

Ranges 

2.6, 8, 10, 28 m 

2.6, 8, 10, 28 m 

Resolution 

8 cm 

6 cm 

# Beams 

60 

60 

Horizontal 

1.8° Recvr. 
166° Transm. 

1.6° Recvr. 
100° Transm. 

Vertical 

18° Recvr. 
18° Transm. 

18° Recvr. 
1.8° Transm. 

Power 

24 VDC (Subsurface) 
2 amps (unit) 

24 VDC (Subsurface) 
2 amps (unit) 

Tow Speed 

10 kts 

10 kts 


SUMMARY 

Depending on the cost of these systems, their general characteristics may justify 
taking a hard look at them. 
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Avon. Oenml brochure. 

«_f - 1 “ 1 . . ■ " ^ 

Ttm Saabat Range of Multibeam Sonar Systems. Brochure. 
Saabat 9001 Bathymetiic Sonar. B rochu re. 
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Date Visited: 
Report Author: 


ATTENDEES 

WTEC: 

D. Blidberg 
C. Brancart 
L. Gentry 
J. Mooney 

OTHER: 

J. Sampson (ONR London) 
HOSTS: 

David Hartley, B.Sc. 

AG. Coulter, B.Sc., Ph.D. 
Brian Forbes, O.B.E., Mm 

John Digman 


BACKGROUND 

SBngsby started business by being part of BUE, a holding company owned jointly 
by the British government and commercial entities. In 1986, ML Holdings was 
founded, and Slingsby Engineering became part of a multidivision corporation. 

The firm is located in the Kirkbymooraide countryside near Thirsk, halfway between 
Manchester and Newcastle. At this location, there are two separate Slingsby 
companies: Slingsby Engineering, which is involved with underwater hardware and 
systems, and Slingsby Aviation, where the T67 Firefly, military basic training aircraft 
is fabricated. ’ 


Technical Manager 
Deputy Technical Manager 
Consultant, Submarine, Marine, and 
Underwater Systems 

Slingsby Aviation Ltd., Marketing Director 


SUugaby Engineering Ltd. (iSEL) 
Kbkbymooneide 
York YDS 6EZ 
United Kingdom 
Telephone: (0781) 317B1 
Hu: (0781) 81388 

Telex: 62911 

May 12, 1993 

C. Brancart 




offshore oil marketplace 
areas of Involvement are: 

Underwater systems: 


Underwater equipment: 


people. The corporate thrust is the 
(underwater cables). Specific 


BOV tooling 
Manipulators 

Underwater communications equipment (UQC type) 
Underwater connectors 


Engineering services: Design studies 

SubSea engineering 
Training and service personnel 


Test facilities: 


Pressure 

Bottom 

Wet 


SBng»by hu r-pecttble feat bdUtei, «P«ci.lly tor «*»*>>■«• 

^SlKunin tufa, «nd * huge teat tank, 8 £ m Ion® x 18 m dtamafor (27 ft lono 
ralad for 7,800 ft o< tu* wttet (3,380 pri). SEL «*. 
test medium end hes numerous throughput wire* for testing, hut no fomperafoie 
-i- The wet tank is 30 fix 10 It x 12 ft deep, and foe mud/bottom basin is 7m 

x 24 m. 

manne d systems in the pest. 


Slingsby Engineering has designed end built numerous marroa *-3 

but current market demand ie such that file company is a^ mvohred 
systems. In 1978, Slingsby blllt the tat of five 

Chides, the LRSXascue Submarine. m» LRBh** a max&rthm operating depfo 
1 800 ft end is capable of carrying nine rescuees on each trip. Number 8 boar ® 
presently on stand-by duty for die Royal Navy. In 1986, Slingsby 
SeHM suits, a one-atmosphere eeflmtfrftber-sldn diving suit rated for 1»800 ft 
operating depth. This market wee short lived because >f the tendlovnxd 
u^med systems, the ROVs. Other previous 

I^tor^pSS aTO^la^ecover plate over the tension-leg cables of a surface 
platform. SELalso performed the Dolphin 1 OK study, which has ended up being the 
10,000 m ROV for Japan. 

Presenfiyi Slingsby is concentrating cm large woridngROVs. The cwr^ arr y s^ted 
with the ftiOj&IN series, aad*n©w4»uilding foe MW sedefc Jlseoclated support 
equipment tanging from power packs and manipulators to handling systems are also 

being developed. 
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E RgB A IK ^ AND DEVELOPMENT ACTT V niE S 

Slingsby’s major product line consists of die large RGVs and associated support 
components and systems. The Trojan BOV, which is approximately 7ftx8ftx8ft, 
4,000 lbs, and rated for 3,300 ft, was the first of a series. The company’s scientists 
and engineers built thirteen units and sold twelve; They made the mistake of 
showing their customers the next generation unit, die JMRVROV, and the thirteenth 
Trojan unit is still for sale. Typical of the Slingsby philosophy, the system is 
modularized with optional power packs, variable ballast option, and seven function 
master/slave to five function* manipulators, or both. Each vehicle comes with a 
topside control van, rated for offshore platform use, handling systems, both the 
surface winch and A-frame, and the underwater garage. Additional options are 
available based on customers’ needs. 

The multirole vehicle {MKV) is designed to be flexible. There are many possible 
variations available (see Table Sling.l). 


Table Sttng.l 

Design Variations of the MKV 


Length (m) 

1.9 

to 

2.3 

Width (m) 

1.8 

to 

1.8 

Height (m) 

1.6 

to 

1.6 

Depth Rating (m) 

600 

to 


Air Weight (kg) 

1,800 

to 

bbssh 

Power (kw) 

EM 

to 

48 I 


The options are as varied as the customers’ needs. Vehicle options include power, 
tools, cameras, lights, and navigation equipment Systems options are umbilical (soft 
or armored), topside handling systems, control cabin said consoles, tether 
management system (TMS), and specialty work skids. Special work packages have 
been added on to the AfRVthat are larger that the tahicle itself. The complete MKV 
system (with all ancillary support equipment along with customer training) sells for 
$ 2 million. MKV number 6 is presently in acceptance testing. 

In addition to fabricating MKVs, Slingsby also continually augments and upgrades 
subsystem capabilities, especially vehicle thrusters, power units, manipulators, and 
tools. Examples of what is available are listed in the references. The MRVunits are 
completely modularized in design, and component variations are easily incorporated 
into the vehicle. 
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systems, and not as independent external repair/maintenance capabili ty . 


to be any 

JUTVs. The customers, the oO companies and the 
suspicious of autonomy. 



oompardes, are 


K taTcos^d^ Hale tarda on toe design of the 

next systems. The company’s growth evolves like die oil patch: slowly 

and deliberately. 


REFERENCES 

Slingaby. General brochure. 

LRB, Rescue Submarine. Brochure. 

Gerald O’Brien. Submarine Escape and Rescue. 

Troian: Quietly Getting On With The Job. 

Troian MSV. Technical Specifications. 

MSV: Multirole Vehicle. Brochure 

Specialty Tods: v 

20 ib-ft torque tool; 6,000 Ib-ft torque tool; tool deployment system (TDS); 
lift depressor system fluid injection stab unit; docking latch. 


" AsAls. Si r- — i v 
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Site: 


The Maxine Technology Directorate Ltd. 
CHID) 

Innovation Cento 


United Kingdom 
Telephone: +44 (0)244 827 006 
Fhc +44 (0)244 827 017 

Date Visited: May 14, 1993 

Report Author C. Brancart 


WTEC: 

D. Blidberg 
C. Brancart 
L. Gentry 
J. Mooney 

OTHER: 

J. Sampson (ONR London) 

HOSTS: 

Dick Winchester Office Menage 


The Marine Technology Directorate (MTD) is a United Kingdom-based association 
with an international membership. The membership comes from industry, 
government, research establishments, academic institutions, the UX’s Science and 
Engineering Research Council (8ERC), and the Royal Academy of Science. The 
members have significant interest and capabilities in ocean-related technology, and 
their membership level entitles them to certain privileges. MTD advances research 
and development through its funding of marine technology studies via academia, 
research institutions, and industry. Many of the ongoing programs are managed by 
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Presently, MTD operates programs with a total 
value of $9.6 million in three breed areas: 

o Education 

o Publication and information sendees 

The marine technologies that are presently under contract are: 


o 

o Ocean structures and materials 

o Underwater working 

o Ship and floating structures 

o Physical ocean environment 


North Sea oil and the commercial market interests motivated the creation of MTO. 
Neverthe less , die technology developed is of interest to commercial, environmental, 
and military concerns. 


The major thru* hu ta«i directed toward tto naeda of oO and gaa 

the balance (10 percent) directed to mineral resources, energy, and bioresources. 

The 1990 budget was $1.6 million. 


During 1990, there were feity-fee projects and six managed 
a total of $3.7 million. Major topics uiider evaluation are: structural integrity 
monitoring, defect assessment, fatigue, stress, buckling, grouts and grouting, 
corrosion and fouling, foundations and piles, welding and ratals, < ! ^®^ ther 
ocean structures’ (e.g., pipelines) designs, and decommissioning of structures. 


This area imrolves d^ vising, measurement, survey, 

automation, automation technology, and underwater working. The annual budget in 
1990 was $880,000. 
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SMp and Floating Structures 

Programs in this area involve compliant systems, wire rope and cables, shipping 
semisubmersible technology, and floating structures, bi 1990, the budget was $1,1 
million. Areas of high interest have been fire safety and offshore reliability . 

Physical Ocean Env ironment 

Studies pursued are fluid loading, ocean environment, and coastal engineering, hi 
1990, the budget was $600,000. 

The advancement of unmanned underwater vehicle (UUV) technology has proven 
to be of value to both the civil (commercial and scientific) and military sectors of 
marine operations. The needs of the civil sectors (namely die of&hore oil and gas 
industry, the search and recovery industry, and the scientific community) and those 
of the defense industry cannot be met with existing available technology. 
Consequently, MTD has undertaken the Technology for Unmanned Underwater 
Vehicles (TUUV) program. This is a two-year, $2.4 million program that was started 
in October 1992. The problems to be studied under TUUV include work that is 
fundamental to the development of truly advanced UUVs. TUUV has identified six 
major missions: 

o Pipeline surveying (inspection and routing) 
o Offshore platform IRM (inspection, repair, and maintenance) 
o Wellhead and satellite wellhead IRM 

o Seabed object detection and classification 

o Subsea construction 

o Wet salvage 

Based on the review of fifty-three proposal* received, twelve were selected to form 
the TUUV Program Portfolio (see Table MTD.l). 


SUMMARY 

MTD appears to be a cohesive force to tie together the offshore and ocean industry 
needs and available knowledge. Its major operating area is the North Sea/European 
sector, but it is forging closer links with North America and the increasingly 
important countries of the Pacific rim. 

MTD is a relatively new multifaceted spin-off from the SERC organizational structure. 
Apart from its research efforts, activities include marine technology student ships, 
training and master of science courses, society for underwater technology, and 
international collaboration. Several European Community maritime efforts are given 
in Table MTD.2. 
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to# JL uw» U j Jiw n i i itMriii a*—* - ” ' 

OPMino stareo psir optical imagacy with 2-D matrix uliraaonic array) 


TOT 

TOT 


far satt toning, adaptive control at UUV*. 
Liverpool University 



txoe and portion control, leak planning, odoedtartton end eoUabocallon of two 


TOT High data* 


Tlawintki UntrMitT 

(Shallow acoustic link lac 1M0 ttpa,<3 km mnoe) 



TUI 


TOT A study of multi-spectrum data 
Ckigoe University 


tor the precision navigation of UUVs. 


TOT Navigation of a UUV within strootuma using faaion of t 
Uvacpoot University 


TO10 


: data and world modeilnq ts ehn iqnss. 


of UUV*. 


Southamptom University 
(Optimising electronic drives) 
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BC M a rit i m e AstMtiee 


MAST 

Marine Science and Technology program 
under Directorate Kill of die EC Brussels 

WEGEMENT 

West European Graduate Education in 
Marine Technology 

IFREMER 

| Ins ti tut Francais de Recherche pour 
1’ Exploitation de Mer 

UETP 

University Enterprise Training Partnership j 


Note: The MTD office in Aberdeen was opened in 1992 to service North Sea 
interests. The major point-of-contact for MTD is: 

The Marine Technology Directorate, Ltd. 

18 Buckingham Street 
London, WC2N 6EF 
United Kingdom 

Telephone: 44-71-321-0674 
Fax: 44-71-930-4323 


REFERENCES 


Technology for Unmanned Underwater Vehicles (TUUV). Prospectus. 
MTD, A Focus of International Activity in Ocean Technology. Brochure. 
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John Turner 


B.Sc., FJnstD., M3XM., Managing Director 


background 

Camera Alive was established in 1978 to provide specialised noncontact 
measurement systems and underwater equipment to the offishoxe oil and gas 
industry. 

BB8RM fH AND DEVELOPMENT ACTIVITIES 


Camera Alive has developed a basic stereo video system that has been augmented 
for noncontact measurement capability. 
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DG2: U nd erwate r High R aa ohi t lan Digital Array Camera 

Th© DC2 is a high resolution di git al array camera designed for underwater use to 
1,000 m. The system has die following features: 

® Operates under the PC environment (MS-Windows based software control) 
o 1242 z 1182 x 8 bit £gital data output 
o Does not require specialist frame acquisition hardware 
o Extremely accurate calibration is enabled through full pixel for pixel 
correlation 

o Supplied as a fully operational system including camera and RS 422 

csrd, rated to 1 Mbits/ second) , software, surface cabling, ready to 
work with standard 386 personal computer 

NCS2: Noncontact Video Measurement System 

The NCS2 is a noncontact measurement system with video input The system is a 
fusion of software and hardware to: 

o Capture video from video cameras VD1 and VD2 
o View real-time stereo video in color 

o Take dimensional measurements from the captured stereo video 
o Output these measurements to a CAD 


The system operates with MS-Windows, allowing nonspecialised users to operate 
the system with minimum training and expe r ienc e . 


SUMMARY 

Camera Alive has operational equipment that has proven to be successful in die 
underwater environment 


REFERENCES 

Camera Alive. General write-up. 

DC1: High Resolution Digital Array Camera. Brochure. 

DC2: Underwater High Resolution Digital Array Camera. Brochure. 

NCS2: Noncontact Video Measurement System. Brochure. 

Stereo Viewing and Noncontact 3-D Measurement General brochure with useful 
information. 
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deep diving ROY bt Europe (>1,000 F5W) I, a gaiwral purpose ROV used as an 
° * a Variety °* underwater tasks and equipment under development 
atHWU. It was followed bfAaffus^MadAngua-3, which were similar but improved 
RCVs also used in the HWU projects. HWU also built /fever, a small autonomous 
underwater vehicle that operated in coordinated tasks with Angus-3 and divers. 
Angus-4 was designed in the early 1980s, but was never built due to funding 
constraints that have continued to hinder further development of UUVs at HWU. 
Operation of Angus-3 baa also been halted by funding constraints. Due to the lack 
of funding for development of UUVs, HWU has changed the development emphasis 
from vehicles to bey UUV subsystems far ROV and AUV applications (e.g., acoustic 
and optic sensors, signal processing software, robotic systems, and 
knowledge-based systems). In line with this approach, the university has evolved 
a very capable set of laboratories to accomplish this objective. 


Supporting foe department’s work are five laboratory complexes: 

o Computing Laboratory 

o Electronic and Electrical Laboratory 

o Telecommunications Laboratory 

o Human-Computer Systems Laboratory 

o Ocean Systems Laboratory 


waa o raott interested in research activities that were being 
COTducted in foe Ocean Systems Laboratory group headed by Dr. Dunbar; however, 
foe team noted the good collaboration and synergy between laboratories for various 
projects. Dr. Russell’s department also provides a foil range of standard university 
curricula for computing and electrical engineering. 

HWU’s UUV-related work is folly funded for the next two years through foe Eurooean 
Eowtomie Community MAST program arid foe United Kingdom’s Marfoe Technology 
raertorale research and development programs coordinated by the MTD office in 
Aberdeen (see separate sits report on MID), 

Over the years, the type of funding available has been a problem for HWU. Most 
of the university’s funding is earmarked for research. Thus when programs and 
prefects reach a certain point in maturity, HWU is expected to seek alternate 
funding, generally from industry, to complete foe work. It is difficult for the 

un ^*^!!. 1° w?** 11 kom In foe case of most projects, the 

universities inability to acquire transition funding stops foe work before the systems 

and components reach commercial usefulness. Nonetheless HWU’s 
accomplishments - both in scope and depth - are impressive. 



The work in 


«€ ' * •} 


I* Hi ' ± ■ 1 


IntKfererwe^ir^^^^ 

workspace. The sensor data alleviate* 
by operators of BOV manipulators, hi 
robotics able to autonomously visualise, pli 
minimum of operator involvement. The work* at an early stage 
good progress, and the demonstration was 
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II. U" 


and hardware and aaiware for 
demonstrate a range of imderwate 
developed in die robotics project. 


TOddtectuies. The result is to 
s usino the robot atm that is being 


Validated Models far Aoouitie Charnels JBEVIfflQ 


lT5|w 
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and support design of high d»*a rate acouitic communication 

systems for AUVs. 
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Forth Base Project 

In conjunction with EEVMAC, HWU is developing the Firth of Forth as a 
communications test range. Acoustic instruments in the Forth will transmit and 
receive signals that are then carried by subsea cables to a new base at Leith 
Harbor. The signals are microwaved directly to the laboratory at HWU, allowing the 
range to be used in real-time testing and interaction between the scientist in the lab 
and the sensors in the field. This permits a real-time evaluation of communication 
signal propagation and system effectiveness. The range will be ready late this 
summer. 


The team also visited Dr. Laurie Linnett’s Image Processing Laboratory, where 
research projects related to interpretation and classification of sonar images are in 
progress. The lab is largely funded under the Technology for Unmanned 
Underwater Vehicles program managed by the Marine Technology Directorate (see 
separate MTD site visit report). One project is developing algorithms for rapid 
processing of entire side scan seabed surveys, using fractal techniques to 
characterize the seabed sediment textures and then employ probability statistics to 
identify abnormalities in the textures. In this way rapid processing of very large 
sets can be achieved. Another project is developing real-time processing of side 
scan sonar data to locate unsupported sections of pipeline for the oil industry. A 
third group has been working on object detection algorithms for sonars for some 
time, pie group has achieved excellent detection rates and is now focusing on 
improving detection of objects against different backgrounds and clutter. Other 
In the lab is directed toward compression of sonar data to achieve manageable 
sized data sets from high-output, modem sonars. The results will allow more 
efficient storage, manipulation, and transmission of data for real-time operations. Yet 
another group is working on mathematical and graphical techniques for simulation 
of side scan sonars to better understand the sonar process and aid in the projects 
involved with acoustic detection and classification. Linnetfs laboratory continues to 
do outstanding work that is well funded amt recognized. The demonstrations were 
well organized and impressive, and it was obvious that the team of researchers are 
highly motivated and productive. 


SUMMARY 

HWU has done outstanding work in many areas related to underwater vehicles and 
intelligent subsystems relating to robotics, acoustic imaging and communications. 
The university’s program has the objective of integration of all these intelligent 
subsystems to accomplish useful demonstrations with ROVs and AUVs in the ocean 
environment. HWU has been one of the pioneering forces in the area of UUV 
systems for over two decades, and has a well deserved reputation for ax^ellence. 
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Research Bedew and Postgraduate Prospectus. Heriot-Watt University. Department 

v. Brochure. 



, Overview brochure. 

Underwater Systems (AMADEUS). Brochure. 

Heriot-Watt University Sonar Processing Research Group. Brochure. 

Heriot-Watt University Department of Computing and Electrical Engineering. 
Brochure reviewing pro grame and laboratories. 


Paul, J.G„ R McHugh, 


r. "The effect of US 1 on the point spread function 
r." Heriot-Watt University. 


McHugh, R, J.G. Paul, and S. Shew. “A digital focused beamformer for sonar." Heriot- 
Watt University. 


Dunbar, R. etaL "European Experimentally Validated Models for Acoustic Channels 



mad Electrical En gine ering: The Firth of Forth 


European Conference on Und e r w at e r Acoustics, edited by M. Weydert Commission 
of foe European Communities. Brussels, Belgium. 

Dunbar, RM^ et aL "The Transmission of Fractally Coded Sonar Images by a 

“ .” Heriot-Watt University. 


■pn UR Navy. "Technology for Unmanned Underwater Vehicles." 
Office of Naval Research, European Office; April 1993. 
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Site: Mobil N orth 8ea Ltd. 

Grampian House, Union Row 
Aberdeen AB1 ISA, Scotland 
United 

Telephone: 0234886 871 
Fas 0284888877 

Tales 38438 

Date Visited: May 14, 1993 

Report Author: C. Brancart 


ATTENDEES 

WTEC: 

D. Blidberg 
C. Brancart 
L. Gentry 
J. Mooney 

OTHER: 

J. Sampson (ONR London) 

HOSTS: 

Donald G. Langrock Development Engineering 


BACKGROUND 

Mobil is one of die users of the technology and hardware developed by firms with 
ocean-oriented products. In its position, Mobil can direct the technology to places 
where it is needed. The MobU-FSSL Diverless Intervention System is a prime 
example of this operating mode. 


RESEARCH AND DEVELOPMENT ACTIVITIES 

The object of the Mobil Intervention program is to maintain a subsea "tree" 
(completion system) by an ROV in water depths to 1,000 m. The justification for this 
program is cost savings. For example, two cases were presented that review 
operating costs (see Table Mobil.l). 


Appendix B. Sit* Report* - UntedBagdom 


The c a pa biliti e s 


Intervention System are: 


Valve S SSlto tBtd pressure testing 
Control umb&ieal and Sow lines installation 


f % . ' i ^ 1 77m** 


(Monetary figures given in U.S. dollars) 



The benefits derived from this capability are: 

o Reduced installation and maintenance coets 
o Increased safety 

o Reduced weather-related downtime 

o Delivery by an ROV erf opportunity 

o Working depths to 1,000 m 


SUMMARY 


evaluated. The basic ROV is the Slingsby AfRV; with add-on modules that tri| 
size. Results to date have been very encouraging. 

Mobil identified the following technology areas that should be developed fori 
subsea completion system needs: 
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o Autonomous navigation 

o Better ROV trusters (more vehicle control) 

o Better and faster data communications (7 to 10 km is present limit) 

o New manipulators 

o Supervisory control 

o Lock-on capability 

o Tactile sensor systems 

o 3-0 video to operate manipulator without operator intervention 


REFERENCES 


Mobil-FSSL Intervention, New Frontiers, New Technology. Brochure. 
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Site: 


Date Visited: 
Report Author 



Telephone: 0394944111 
Fax: 0834 741 771 

May 14, 1993 

C. Brancart 


WTEC: 

D. BUdberg 
C. Brancart 
L. Gantry 
J. Mooney 

OTHER: 

J. Sampson (ONR London) 

HOSTS: 

Richard J. Marsh, C. Eng. Managing Director 

Kevin A. Parker Sales Manager 


Tritech Ltd. appears to be a very small company. Company representatives 
introduced Tritech by stating the following: 

o Seabat is the beat efeotoflics scan sonar 
o UDI is the best mechanical scan sonar 
o Tritech is the best cost-effective sonar 



AU Tritech systems have PC-iciBitetible hardware (PC 406-00 with two to three 
proprietary boards). Their display used MS-Windows, where on a single monitor it 
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is possible to bring up the scan dis play , die video display, and die sonar display, or 
whatever combination of displays die operator wants. All of die data is logged and 
is recallable. 

Tritech has produced many types of small sonar. The company even hard-canned 
one of its units for subsea display by frogmen. 


sumraar 


Tritech did not have brochures to pass out to the participants. However, indications 
are that their products are very inexpensive and could be of interest to others. 




Nk 73361 UIIG 

Date Visited: May 14, 1993 

Report Author: CLBreneart 

A TT BPBB S 

WTEC: 

D. Blidberg 
C. Brancazt 
L. Gentry 
J. Mooney 

OTHER: 

J. Sampson (ONR London) 

HOSTS: 

Guthrie Robertson Product Sales Manager 

BACKGROUND 

Marconi UDI (UDI), a GEG4teconi company at the thus of the WTEC team’s visit, 
may have technical and manufacturing depth gained from its parent company. 


1 Marconi UDI was sold ta August 1903, and it now known an Fngio-UDI United. Fncpo-UDI 
l adlBrtad in November 1993 that the change in ownership has not aflsctad activities des cri be d below. 
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H KSR AH GH AND DEVELOPMENT ACTIVITIES 

The Sonavision 4000 high definition sonar system incorporates a new composite 
transducer array and digital processing that has closed considerably the gap 
between underwater television pictures and previous sonar systems. The 
interpretive qualities of the unit me defined by the target’s shape, size, color or 
shade variation, and shadows. This permits the operator to more effectively identify 
targets. Some of the system's unique features including the following: 

o Real time acoustic zoom 

o Audio output representing range and bearing 
o Built-in joystick for range and bearing cursor 
o Infinitely variable sector and position overlay 
o Selection of display modes in recordable S-VHS standard 
o HPIB/RS 232 interfaces for acoustic and cursor data 
o Choice of telemetry link to suit umbilical 
o Wideband composite array technology 

o 120 colors, either 382 z 256 pixels (recordable), or 640 x 480 pixels for high 
resolution monitor or printer 

The composite array is the result of UDFs newly developed technology. The results 
are wider bandwidth and much greater efficiency in the conversion of electrical 
energy into mechanical energy. 


Marconi UDI. Profiles. Brochure describing key people and projects. 

"1-3 Connectivity Composite Piezoelectric Materials for High Frequency (>100 kHz) 
Transducer Arrays." 

UDI Sonavision 4000. High Definition Sonar. Brochure. 
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Data Visited: May 17, 1993 

Report Author A. Kalvaitis 

, ... * “ * 


ATTENDEES 

• jJ: . ’ ; ' 

WTEC: 

AKalvaitis 
N. Caplan 
M. Lea 

HOSTS: 

Seppo Seppala President 

Jazi Lind Product Manager, CAE Services 


Rauma Oceank* Ltd. is a 


one of 



The Repola Corporation employsSftOOO people with sites of $4.7 billion. Major 
product lines include timber harvesting and related equipment, fiber processing 
plants, soils crushing e<piipnient, and specialty products relating to environmental 
technology. Rauma’s expertise In unde r s ea technology began in 1979 with die 
manufacture of controllable pitch propelle rs, offsh ore cranes, and s ubs ea blow-out 
p revent io n systems. Its present main programs concentrate on submersibles and 
hyperbaric s y st em s, including air independent underwater waves packs, to toe 
submersible area, Rauma was responsible for the design, fa br ication, end testing of 
the two Mr class 6,000 m depth capable research submersibles that were delivered 
to toe farmer Soviet Union in December 1987. Rauma employs over 100 people and 
has sales of about $30 million. 
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RESBARCn AND DEVELOPMENT ACTWITIES 

The WTEC team was given presentations on the company’s capabilities by 
Mr. Seppo Seppala, president, and Mr. Jari Lind, product manager. 

Rauma has broad expertise in various undersea and high pressure areas from design 
through construction. The company has manufactured two deep submersibles 
(6,000 m) and a 300 m diver lock-out submersible. Rauma has also developed 
buoyancy materials, ballast pumps, a seawater hydraulic pump, and battery 
packages. Other specialty designs have included a hyperbaric welding spread, a 
deep ocean corer, decompression chambers, and hyperbaric simulators. 

Rauma Oceanics has broad expertise in maraging type ultra-high strength steels that 
were used as pressure hull materials for the Afir research submersibles. Maraging 
steels offer superior strength/weight ratios compared to titanium, and since collars 
for viewports are integrally cast with the pressure hull, large diameter viewports are 
possible. The company could readily build full ocean depth systems if there was a 
market demand. 

Rauma’s design capabilities are based on computer aided engineering. This 
includes a 3-D layout design of complete systems and assemblies, geometry from 
a 3-D model database, dimension drawings for manufacture, finite element analysis, 
and the documentation processes. The design software codes (CATIA, VERTEX, 
IGBS, CAEDS, ANSYS) were also described. Other undersea developments include 
a 7,000 ft, 22 pound/ft 3 syntactic foam using special microballoons and a 6,000 m 
rescue device for submersibles. The team was also given a short tour that focused 
on die company’s DLO-300 diver lock-out submersible. 

An interesting innovation has been an air independent power system (AIP) that is 
pressure compensated and can be used in depths to 6,000 m. Rauma’s RDP-100 
power pack, an autonomous Rankine engine, has been successfully used in an 
autonomous vehicle. The normal power is up to 60 kW with virtually unlimited 
operating time. The Rankine engine is very reliable because there are few moving 
components. Rauma designed the special bearings for the turbine. The system 
weight is 980 kg without fuel. Efficiencies of 30 percent have been achieved. AIP 
could have broad applications in special ROVs, deep-sea research stations, and 
submersibles. 

Rauma also has test capabilities that include a 2.8 m diameter, 6.0 m high, and 
7,500 m equivalent pressure tank, and a 4 m diameter, 12 m high, and 1,000 m 
pressure tank. Det Norsks Veritas (DNV) has provided Rauma Oceanics with an 
umbrella certification. 
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In summary, Rauma Oceanic* is a leader to ...... . m , — 

capabilities in othar undersea technologies. The Mraubmersibles are weU-de algne d 
d 00 p ocean veWcles and represent 40 percent of 4 »e world’s maimed diving 
capability to 6,000 m. 



DbO - 300 DiverLock-Out Submersible. Brochure. 
Air Independent ftwsr ftck Brochure. 



Hyperbaric Training Semester. Brochure. 
ABO Medical Treatment Chamber. Brochure. 
Rauma 1992 Annual Report 
Dress - A Rauma Subsidiary. Brochure. 
Galeassi. Brochure. 
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ABS 

ADCP 

AI 

AIP 

Akadenuk 


Alvin 
Angara 
Angus-1 
Angus-2 & -3 
Argus 

ASV 

ASW 

AUV 


American Bureau of Shipping (technical and certification 
society) 

Acoustic Doppler current profilers for ocean current 
measurement at various depths (remote sensing system) 
Artificial intelligence 

Air-independent propulsion (energy sources) 

A proposed 6,000 m Soviet Academy of Sciences research 
submersible to be built for the PJ>. Shirshov Institute of 
Oceanology. Eventually die two Afire evolved out of this 
earlier project concept 

4,500 m DSV operated by Woods Hole Oceangraphic Institute 
Russian tourist submarine design* 6 passengers to 600 m 
First deep operating (300+ m) ROY in Europe 
Improved versions of the original Angus-1 design 
Russian-designed and -built 600 m depth capable manned 
submersible which operates primarily in the Black Sea 
Abyssal survey vehicle 
Antisubmarine warfare 

Autonomous underwater vehicles - self powered systems that 
operate without a physical connection to the surface 


Batfish 

Bathymetric 

Boomer 

CAT 

CIS 

CLSO 

cpu 

CTD 

Cyana 


Towed underwater platform for oceanographic measurements 
Topography of ocean floor; depth measurements of large 
bodies gf water 
Ballistic missile submarine 

A center for underwater tourism (a concept being pursued by 
Kharaa# 

Commonwealth of Independent States 
Complex for Lifting Large Sunken Objects 
Control and power unit (of a computer) 

Conductivity, temperature, and depth (Oceanographic 
parameters) 

IFREMER’s manned submersible with 3,000 m depth capability, 
based at the Toulon laboratory 


Dolphins 

DEM 

DNV 

DO 

DOGGIE 


French submersible 
Electronic module 

Det Norsks Veritas, the Norwegian classification society 
Dissolved oxygen (in water) 

Doop Ocean Geological and Geophysical Instrumented 
Explorer. AUV that will be used for geological survey 
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DOLPHIN 


Doppler (System) 

DSP<CWpe) 

DSBV 

DSV 

DTI 

DTVS 


EEC 

EEVMAC 


Hah 102 
Foton (Photon) 

FSU 


Gamma 

GCOS 

utarcrwvr 

GOOS 

GPS 


Helena 


HOBU 

if, * j-- *. 

nydtorai 



using acoustic imaging samees of the 
the foture plan for the Autoaub project 


Part of 
of tha UX 




-Kale*, 
and Industry 


Diving TV Systems Ontanhali) 



A compact 100 m depth capable “REN feom Intershalf 
A hydrogen-oxygen (Hj-Oj) foal call developed by Energfo in. 
Russia 

Former Soviet Union 


cf a 30-ton nuclear- powere d 
source (proposed by IntersheH) 



(pronounced "heedr o nau f) translates as "hydronaut" 
Gl o ba l Ocean Observing Systems -- international program 
Global 


mmmjw WPMf . J J 1 ■ . • — , ” . , 

unit of 100 m i fo* employs the same basic foal 

elements and de^ approach Gaxnma 

Hydrogen-oxygen electrical battery 

Common usage term for hydrostatic test (Le.i pressure test) 



Institute for the Exploration of foe Sea - 
agency ldttr scientific, indust ri al and 



in ocean RAD 

for submeisibfoe S&W-2 and 
operated by Mariecopcom in Ukraine. 
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IOS 

Kaiko 

Komsomolets 

LAS 

Lidar 

Mariecoprom 

MARIUS 

MHD 
Mr-/ & -IT 

MRV 

Nautile 

Neptun 

NERC 

Ocean Shuttle 

ODAS 

Odissey 

Osmotr 


Institute of Oceanographic Sciences (Deacon Laboratory; U.K) 


ROV being tested by Japan. Fell 4m short of reaching 1 1,000 m 
world’s record depth in March-April 1994. 

Nuclear submarine (Mice Class) - Soviet submarine that sank 
April 7, 1989 in Norwegian Sea in 1,400 meter water. 
Several expeditions luwe been conducted to study 
environmental effects. 


Leisure submersible apparatus (Kharax) tourist submarine 
designed to carry six persons and a crew of two 
Laser imaging detection and ranging system 


Agency responsible for operation of Ukrainian submersibles 
Marine utility vehicle proposed funded under MAST-II (EC 
cooperative project) — for coastal seabed and 
environmental surveys 
Magneto-hydrodynamic propulsion system 
Russian 6,000 m manned submersibles , built by Rauma 
Oceanics in Finland for PJP. Shirshov Institute of 
Oceanology, Russian Academy of Sciences 
Multirole Vehicle ~ 6,000 m research submersible owned and 


operated by IFK 




R 


French submersible with a 6,000 m depth capability; operated 
by IFREMER, based at its Toulon laboratory 
Tourist submarine designed and built by RUBIN 
(St. Petersburg); currently operating in Antigua 
United Kingdom’s National Environment Research Council 


Nonmilitary nuclear-powered submarine project that has been 
proposed by Lazurit; a small submarine (about 1,000 
tons) that is designed for oceanographic and commercial 
ocean work tasks 

Oceanographic Data Acquisition System - U.K.-based AUV 
project jointly tmdertaken by Marconi, Moog Controls, 
Chelsea Instruments, and Alupower 
Support vessel for submersibles Sever-2 and Sever-2 Bis 
Russian 300 m depth, diver lockout submersible 



314 

pH 

Pf w nnff 

HSC&8 

Poaakkm 

Profiler 

Project FAMOUS 

PSK 

PTT 


Keldysh 


RDSSHELF 

ROV 

i me 
Rus 


Sage 

SE&I 


Sever-2 

SIMD 

SIMRAD 

SSBN 


Sub Tour 10/100 
Subbottom 
Submersible OPS 


Tass 

TEUs 
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Measure of acridity or 
Canarian built class of 


with 2,000 m depth 
are operated by the P.P. 



1970s French-American Mid-Ocean Study on the Mid-Atlantic 


Phased shift key 
Press-to-talk switch 


to support deep submetsfbles. It has been the principal 
support ship for MIR-I and -JZ 



seafloor-based oil and gas 


Remotely operated vehicle, an unmanned vehicle cable- 
connected and -controlled from a support platform 
BHMfan Research Centers (e^g., Kurchatov Institute) 

A 6,000 m submersible designed by Malachite 



two Swedish 
Systems 


- the discipline that brings 
hardware/software into an 


2,000 m submarine des&ned by Malachite (tourist submarine) 



Norwegian com] 

such as sonar, 

A class of US. nuclear 




well as camera systems 
strategic missile-carrying 
used to describe any 


Ten-person tourist submarine (Intershelf) 

Be f wr t to neftimftnt* or rock making up the seafloor 
SiUmersJble operations 


20-foot equivalent units. This reins to 20 foot cargo containers 
for carrying cargo onboard container ships 
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Thermocline 

Thetis-H 

TMS 
TOGA 
Trojan 
TS 20/100 

TUUV 


Temperature inversion layers found in all oceans; water on the 
surface overlying colder water 

Towed manned submersible designed by Malachite in Russia; 

operated currently by Mariecoprom in Ukraine 
Tether management system -- control system for ROV tether 
Tropic Ocean Global Atmospheric (international program) 
ROV built by Slingsby Engineering in UJC. 

Russian tourist submarine design for 20 passengers; designed 
to operate at a depth of 100 m 

Technology for Unmanned Underwater Vehicles program (U.K.) 


Uran 

USB 


Deep ROV developed by Krylov Institute of Russia 
Ultra Short Baseline (tracking system) -- technique for 
underwater locating and tracking 


VORTEX 


Versatile Ocean Subsea Robot for Technical Experiments - 
IFREMER’s testbed ROV for validating hardware and 
concepts 


WOCE 


World Ocean Circulation Experiment (international program) 


Yamato 


Japanese experimental vessel with foe most advanced MHD 
operational system in the world 




